




THE ENGINEER " SERIES. 


WHAT INDUSTRY OWES 
TO CHEMICAL SCIENCE. 


By 


RICHARD B. PILCHER, 

Hrgittmr and Sterttcrtf oj thf tMtUuU oj 
of Gnat Britain fi>ul fivland. 


FRANK BUTLER-jONES. B.A. (Cantab,\ A.I.C.. 

AmKtunt, Laboratory of thf. rk.\Mrtv\ent of 
lixploHim SufipUes, Minl'^Uy, of 

With an Introduction by 

Sir GEORGE BEiLBY. LLD., F.R.S., 

PtiHi Rffhidtni of tht f.MitnU of Chomittry 
anJ if tht StM'ittu if Chtmieal Jni'-uftry. 


London: 

CONST/.BLE & COMPANY. LTD., 
10; Orangf Street, Leicester Square, W.C. 


1918 . 



Printhu in 


(ilBiiiT Britain. 



CONTENTS. 


iNTBODCCTIOfJ . vii 

l*KEFACE . xiil 

(3iap. I. Mineuals ano Metals . 1 

II. He-ayy Chemicals AND Alkaij. 22 

III. Coal AND Coal G.«.s 24 

IV. Dyes, Explosives, a.nd Celujlose ... 41 

V. Oils, Eats, a.nd Waxes . 53 

VI. Le-atheb. 59 

VII. Rubbee. 53 

Vlll. Mobtab and Cement. 55 

IX. Repbactoby Matebials . 58 

X. fii.AS.s AND Enamels . 70 

XI. POTTEBY AND POBCKLAIN . 77 

XII. Chemical Products . 80 

XIII. Photoobapby . 90 

XIV. Acricultuee and Food . 95 

XV. Rbewino. 104 

XVI. Alcohol, Wines AND Spibits . 109 

XVII. Tobacco, Inks, Pencils, ETC. 115 

XVIII. Gase-s . 122 

XIX. Government CflEMisiBY . 133 

C0NCLU.S10N. 138 

Bibijography . 141 

Index . 144 





INTRODUCTION. 


AanDST lilt' flood of opinions and advice on the 
relations of science to education and industrial 
ptosperity with whicti wo have been deluged 
during the past two or three years, we may turn 
with welcome relief to the unembcllishod records 
of work done and of ends accomplished which the 
authors have here presented for our enlightenment 
and encouragement. The majority among us 
stood much in need of enlightenment on this 
subject, and many of us will feel grateful for the 
encomagement which is to be derived from these 
records of past achievement. These records supply 
a complete answer to a question rvith which most 
chemists have had to deal at one time or another 
during their career : what is the place of the 
chemist in practical life, and what part has he 
taken in industrial and social development ? 

The engineer ministers to the comfort and 
convenience of the community in ways which 
can hardly escape the notice even of the man m 
the street. The Forth Bridge, the ocean grey¬ 
hound, the motor car and the aeroplane are at 
once recognised as the fruits of his skill and energy. 
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but for the most part, the work of the chemist is 
inobvions, and is little, if at all, understood. But 
the chemist and his half-brother, the metallurgist, 
have all the time been hard at work in the back¬ 
ground, helping to provide the engineer with 
metals and other materials of new and improved 
qualities, without which he could not have produced 
the machines and structures which represent the 
triumphs of his art. 

In many other directions chemistry has been 
the handmaid of arts and crafts, which make 
their appeal to the public on far other grounds 
than those of the chemical and other scientific 
help they have laid under contribution. 

But chemistry also has its own triumphs, and 
those who will take the trouble to study this work 
will be rewarded with visions of achievement in 
this field which they had not hitherto dreamt of. 

These records ought to prove stimulating and 
suggestive to those whose sons and daughters 
have not yet selected a calling or profession. The 
place of chemistry in the national life has been 
far more important than the majority of educated 
people have imagined, and this place bids fair to 
become of vastly increased importance in the near 
future. The special message for parents and 
teachers is, therefore, that trained chemists will, 
in the near future, be in increased demand for 
industrial and ofiicial positions. 
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For the responsible teachers of chemistry there 
are other messages also, if they care to seek for 
them ; for from these records of achievement 
much may be learned as to the actual needs of 
industry on its scientific side, and as to the types 
of workers who will have to be trained if these 
needs are to be properly met. 

The great body of teachers of science on the one 
hand, and the still greater body of manufacturers 
on the other hand, have been equally at sea as to 
how (o) the results of scientific discovery, and 
(6) the young graduates in science who are prepared 
at our universities and colleges, can best be utilised 
in industry. Speaking broad’y, the teachers of 
science do not know the needs of industry, either 
in regard to the nature of the problems which 
await solution, or to the kinds of trained’experts 
who will be required to take part in the more 
highly organised industries of the future. Again, 
speaking broadly, manufacturers and leaders of 
industry are equally at a loss as to the means 
whereby scientific discovery, scientific methods and 
scientifically trained men can be used most 
effectively in the development of the industries 
for which they are responsible. 

Fortunately, there are already lines of communi¬ 
cation open between these two important bodies, 
and the hope for the future is that these lines may 
be broadened out into a common ground on which 



X 


WHAT IXDliSTRY OWES 


mutual understanding will be reached and where 
practical schemes of development will be developed. 

Much can, undoubtedly, be done to improve 
the training of chemists for practical life. It is in 
the laboratory that the foundations of this training 
must be well and t ruly laid by sound training and 
a mple practice in mr.nipulation and methods. Not 
only manijndativo skill, but resourcefulness and the 
power of organising routine work ought to be 
acquired in the lalxiratory, if the training is on the 
right lines. On the foundations thus laid, a super¬ 
structure of knowledge of physical, mechanical, and 
chemical laws can be securely built. But a 
scientific equipment, however sound, is not in 
itself sufiScient; it is of equal importance that the 
young chemist throughout his training should be 
thoroughly imbued with the spirit and aims of the 
successful leader's of industry. Nothing will so 
surely awaken in the student an appreciation of 
practical aims as a wisely directed stirdy of the 
achievements of science in industry. The present 
work will supply teachers of chemistry' -with 
abundant material for I he purposes of this study. 
Tliis study ought not, however, to displace the 
parallel study of the steps by which chemical 
theory has been evolved by the deep insight and 
the patient observation and experiment of the 
great leaders in chemical science. It ought to be 
made clear to the student tliat, though in one sense 
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the two aims, the attaiument of knowledge for its 
own sake, and its attainment ns a means to practical 
ends, arc at op])osito poles, yet that there is no 
real antagonism Iwstween them, each is com¬ 
plementary to the other. There are intellectual 
(triumphs to bo won in the application of science 
as well as in its pursuit for its own sake. 

The deeper and more prolonged search into the 
phenomena and laws of Nature must, of iiMessity, 
be left to those who b}' natural endowment and by 
opportunity can pursue this search apart from 
the distractions of the work-a-day world. The 
workers on the applications of science may w'el! 
realise their debt to these seekers after knowledge, 
for the seeds of achievement on the jwactical side 
must, in many cases, Im planted and watered under 
their fostering care. 

During the past three years the scientific 
developments of modern warfare have been the 
means of bringing the workers in pure and in 
applied science into touch to an extent which 
would have appeared almost impossible in pre-war 
times. There are encouraging evidences that this 
new co-operation has been appreciated on both 
sides, and that a return to the former condition of 
isolation would be regarded as most unfortunate. 

The authors have wisely disclaimed any attempt 
in this work to present the extraordinary wealth of 
material at their disposal in anything like its true 
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proportions and porspeetivc. The precious stones 
in the necklace have been strung together rather 
with an eye to their collective preservation than 
to their artistic effect as a whole. Apart from the 
reasons for this, which the authors themselves 
have given, 1 am inclined to think that for the 
serious purpose they ha<l in view, the method has 
much to commend it. The central object was not 
to present a pleasing and finished literary work 
which would gently stimulate the imagination of 
the general reader, but to set forth in their bare 
simplicity the broad facts of achievement, leaving 
each case to make its own appeal. 

In conclusion, I would express the hope that 
this work will not only be widely read by the 
general public, but that it will be cordially welcomed 
by those who are most deeply concerned in the 
future of British industry. 


Gboeoe Beilby. 
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PREFACE. 


In recent times, and cRpecially during the war, 
a great deal has been written and said on the 
benefits derived from the applications of science 
to industry ; the subject has been discussed in the 
technical and daily Press, and in monographs 
devoted to particular industries; but, for the most 
part, it has been dealt with in the abstract or with 
very limited reference to the actual results achieved. 

The contents of this volume appeared as a 
series of articles published in The Engineer during 
the seven months December, 1916, to July, 1917, 
inclusive, under the title of “ What Industry Owes 
to Science.” The articles were not intended to 
embrace subjects of common knowledge to the 
engineer, in which the influence of physical and 
mechanical science would have claimed greater 
attention, but dealt mainly with chemical science. 
For that reason the title of the work has been 
modified; the text, however, remains practically 
the same. 

The object was to take each industry in turn, 
and to show by examples how science had 
advanced the methods and processes of production 
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and had laid the foundation for the establishment 
of new manufactures. 

The work covers a survey of many important 
industries, presented in such a maimer that the 
substance is not altogether out of the depth nor 
beyond the interest of the educated public. We 
hope that it may bo especially useful to students of 
chemistry and engineering, as affording them an 
indication of the vast field open to them in their 
professional careers, work in which it may be 
anticipated that there will be increasing activity 
and boundless scope in the near future; and that 
it will find a place in the offices of men of business 
in many branches of commerce, and of public 
companies concerned with productive industries, 
as w'ell as in the libraries of Chambers of Commerce 
and Trade Associations. 

A bibliography Ls provided, including many 
useful books referred to during the prfsparation 
of the work. 

The authors dc.sire to express their deep indebted¬ 
ness to Sir George Beilby for his kindness in 
contributing an introduction, which they feel has 
very greatly enhanced tlie value of the volume. 

R. B. P. 

F. B.-J. 

liondon, 1917. 
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WHAT INDUSTRY OWES TO 
CHEMICAL SCIENCE. 


Chapieb J. 

MINERALS AND METALS. 

We have heard a good deal la,toly of our nogloot 
of Bcienco, particularly of applied Hoienoe—and we 
are prepared to admit that this coimtry has been 
behind other countries in realising the importance of 
scientific principles in industry. The fact remains, 
however, that though we have been so remiss, we con- 
not have ignored science entirely, or surely the 
position of our industries—those that are left to us— 
to-day would not be what it is. Instead of pursuing 
the subject in the abstract, we propose in a few brief 
chapters to deal with accomplished facts; to show by 
illizstrative examples the extraordinary developments 
directly attributable to scientific tliou^t and method 
and the benefits derived therefrom by the community. 
The whole art of engineering is based on physiol 
and mechanical science, and the materials employed 
in this art are dependent in some degree on the 
science of chemistry. This country has never lacked 
engineers of the first order, and, therefore, if we may 
judge by their works, we must conclude that their 
science has been as truly founded as their structures, 
and their materials must likewise have been suitable 
for tlieir purpose. Clearly, then, we have not been 
lacking, the aid of physicists, mathematicians, and 
chemists in the art of engineering and all that the 
term denotes. The materials of construction cannot 
be used intelligently unless tho engineer has a proper 
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knowledge of their physical powers of withstanding 
stress and strain, as well as of their chemical proper¬ 
ties, including their internal structure and power of 
resistance to air, fire, water, and other agencies. 

Tne subject is so vast and its ramifications so diverse 
that it is difficult to deal with it without being drawn 
into the production of a text-book, but we will 
endeavour to keep to the principal aim of showing the 
influence of science in industrial progress. 

Oiu' methods of utilising science may be wrong, 
and there may be room for great improvement, 
but the impression is gaming ground that in the 
habit of decrying ourselves and our doings we have 
overshot the mark. We have used science more 
than we realise, but have not talked about it as much 
as some other people. We know, for instance, 
several Shefiield steel firms who employ thirty to forty 
chemists and are in constant touch with the most 
experienced men of science interested in tins branch 
of industry. We Imow also that both in the direc¬ 
torate and in the control of the actual processes 
of manufacture in the works the industry is coming 
more and more under the personal supervision of 
scientific men, that new laboratories are being 
equipped, and tliat science in the steel industry is 
now very much to the fore. 

STEEL. 

German delegates to the meeting of the Iron and 
Steel Institute held at Sheffield in 1906, freely 
admitted that Germany had much to learn from that 
centre and no doubt derived benefit from the hos¬ 
pitality then extended to them. The reputation of 
Sheffield in steel production dates from 1740, 
when Huntsman discovered the process of casting 
completely fused metal from crucibles. Sixty 
years ago steel was obtained by decarburising pig 
iron to malleable iron in a puddling furnace and 
subsequently introducing the requisite anwunt of 
carbon by the cementation process. These operations 
were protracted, required exhausting laboiu, and 
involved the use of large and expensive furttaces 
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subjected to considerable wear and tear and consuming 
largo quantities of fuel. 

In 1866, Bessemer—a scientific man—as the result 
of experiments deliberately directed to a definite 
object, introduced his process for ‘‘The Preparation 
of Steel without Fuel.” Ho found that by forcing 
a blast of atmospheric air through molten cast iron, 
contained in a suitable vessel lined with ganistor, 
a siliceous material, the oxidisable impiuities in the 
iron could be removed without the external applica¬ 
tion of heat, since the heat produced by oxidation 
was sufficient to keep the mass in a molten state. 
Manual or mechanical stirring was unnecessary. The 
pig was melted in a cupola, and transferred to a mixer 
of up to 600 tons capacity. From tho mixer a charge 
was convoyed by a ladle to the converter, the latter 
being swung into position after the “ blow ” had been 
started. In twenty minutes the operation was 
completed; the blast was stopped for a few seconds 
while a workman threw in from a shovel sufficient 
spiegol or forro-manganese to introduce the proper 
proportions of carbon; tho blast was started agoin 
for a short time to mix the metal and the charge was 
immediately potired into moulds. 

Contrast the rapidity and simplicity of this method 
with the time and labour expended in the other. 
Comentation alone required seven to ten days; the 
equivalent effect, after Bessemerisation, occupies only 
the time required to add the Spiegel and re-mix the 
charge. The fuel expended is only that used in the 
cupolas, and even, that is obviated in some oases where 
the constancy of grade of pig from the blast-furnaces 
can be relied on, when the pig is taken direct from the 
blast-furnace to the converter. 

The original or acid Bessemer process bad. however, 
two disadvantages:—(1) phosphorus and sulphur 
could not be removed owing to the reduction of their 
oxides by iron and, therefore, only special “ Bessemer 
pigs,” free from phosphorus and very low in sulphur, 
could be used; (2) the ingots produced contained 
blow-holes. Science overcame the first of these 
disadvantages. In 1879 Thomas and Gilchrist found 

'B 
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that by lining a converter with burnt dolomite or 
magnesite, instead of ganistor, and by adding a 
quantity of lime to the charge, the whole of the 
phosphorus and some of the sulphur could bo removed. 

Tlus was the result not only of scientific methods 
of research but of the direct application of a scientific 
principle, viz., that ol using a basic lining and adding 
lime, a basic material, to retain the acidic substances 
produced by the oxidation of phosphorus and sulphur. 
The second problem, however, was solved by the 
empirical discovery that the addition of a very small 
quantity—6 to 8 oz. per ton—of aluminium to the 
molten metal minimised the formation of blow-holes. 

The only important rival to the Bessemer method is 
the open-hearth process, perfected about twelve years 
later by Sir William Siemens and his brother—both 
scientific men. After great initial difficulties, they 
succeeded in decarburising iron without contact with 
solid fuel. In this process an exceedingly high 
temperature is produced in an oxidising atmosphere 
by the combustion of a mixture of producer gas and 
air fed into the fmnace. Change.s take place of the 
same character as in the Bessemer process. Both 
acid and basic hearths are used, and the principle of 
regenerative heating is utilised. 

■ To Dr. Sorby, of Sheffield, we owe the introduction 
of metallography, and in this connection the names 
of Osmond, Martens, Stead, Roberts-Austen, Sauveur, 
and Le ChateUer, all men of science, must be remem¬ 
bered. Up to the present day, and for some years past, 
the miscroBcopic examination of the etched surfaces of 
metal has-been common practice in steel works labora¬ 
tories. Researches on the cause of recalesconce, com¬ 
bined with the intimate knowledge of the structure of 
steels afforded by misoroscopic examination, have 
placed in the clear light the equilibrium relations of 
iron and carbon, and have thus changed rule-of-thumb 
experience into sound scientific principle. Our views 
on the physical and chemical nature of these equili¬ 
brium relations have been changed by the progress of 
research. Explanation by means of the solution theory 
has replace^ that based on the theory of the allotropy 
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of iron, and our knowledge of the subject is thus be¬ 
coming more definitely established. To be able to ex¬ 
plain a phenomenon is second only to knowing that 
tho phenomenon will occur. Whereas rule-of-thumb 
or empirical discoverios may occasionally give us good 
results, science, organised knowledge, enables us to 
proceed on definite lines. 

The discovery of rarer motals has led to the manu¬ 
facture of many varieties of steel, including alloys of 
special hardness. The properties of special steels 
and their behaviour under varying conditions, the 
bearing of the character of their internal structure 
and similar questions have formed tho basis of* 
numerous researches winch have rendered the in¬ 
dustry in an increasing degree more exact and 
scientific. The researches of Sir Robert Hadfield 
have resizltod in supplying us with special steels 
differing from ordinary steels, through the addition 
of various elements other than those commonly 
present, whereby they acquire properties of enhanced 
hardness, toughness, elasticity, &c. 

Thus, by adding 7 to 20 per cent, of manganese we 
ensure great strength and toughness, the well-known 
Hadfield steel ordinarily containing about 13 per cent, 
of manganese and 1 per cent, of carbon; the addition 
of about 3 per cent, of nickel and 0.2 per cent, carbon 
givos us a steel of tensile strength and elasticity suit¬ 
able for the manufacture of gun barrels; and the 
addition of 2 to 3 per cent, of chromium with about 
1 per cent, of combined carbon gives a remarkable 
steel which, when hardened and tempered, is employed 
ill the manufacture of locomotive tires and springs, 
armour plates, armour-piercing projectiles, and certain 
qualities of files. Similarly, the introduction of 
titanium, molybdenum, tungsten, aluminium, vana¬ 
dium, and boron gives varying effects now easily 
obtainable by the scientific steel maker. 

These examples serve to illustrate clearly the 
advantages gained by the application of scientific 
knowledge in the production of one of our chief 
materials ; but the function of the chemists in a steel 
works or any works is not confined to devising pro- 
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cesses or producing variotien of the products. They 
are concerned with problems of many kinds, and 
among these the question of fuel and fuel economy 
both in raising power and in smelting operations arc 
of primary importance. Science determines the 
suitability and value of tho coal employed. Tests are 
made to determine tho calorific power and to estimate 
the sulphur, .ash, and the volatile matter, including 
moisture, all important factors from tho point of view 
of economy. The manufacturer who ignores these 
questions must sufier through the omployment of coal 
containing sulphur which attacks his flro-boxos, and 
'the purchase of water and useless mineral matter. 
Next, tho treatment of boiler-feed water where the 
supply is not naturally soft must not be nogloctod, or 
the accumulation of scale will result in waste of heat, 
inefficient working, and other deplorable conditions. 
Tho method of water softening, by the addition of 
lime, was established by Dr. Thomas Clark, Professor 
of Chemistry at Aberdeen University, from 183S-38, 
and its importance in every industry involving the use 
of boilers, or requiring the use of soft water, must 
have been and still is inestimable. 

NON-FERROUS METALS. 

Mining and metallurgical industries are essentially 
scientific, calling for the services of chemists (1) on 
the mines, to examine ores, to advise on their concen¬ 
tration and generally to specify tho methods to be 
adopted for tho extraction of metals, and (2) in the 
actual working of the metal. 

The production of non-ferrous metals, such as 
copper, lead, zinc and aluminium, needs the help of 
trained technologists whose labours are constantly 
directed to the discovery of improved processes and of 
new varieties of alloys adapted to special purposes, 
particularly those demanded by the trend of engineer¬ 
ing development. 

In surveying the history of non-ferrous metallurgy, 
the most strildng feature is tho extent of comparatively 
recent scientific advancement. In many cases the 
methods of treating ores to obtain crude metal 
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remain fundamentally the same as when they were 
originally discovered—^for the moat part empirically ; 
but they have been explained, modified, and improved 
by science; while in other cases, new and better 
methods, due solely to science, have been substituted 
for old ones. 

The Separation of Minerals .—^Tho ores of heavy 
metals are frequently of such low grade that the 
metal cannot bo won economically. Thousands 
of tons of valuable minerals would still remain 
unworked except for the scientific methods of con¬ 
centration now employed. An oro containing only 
one per cent, of tin will repay treatment. 
It cannot be smelted, but a complex process 
of table washing, roasting, and washing again con¬ 
centrates it to 60 to 70 per cent, ready for the 
Hmelter. Low grade sulphide ores and graphite 
ores are concentrated by one or other of various 
methods of oil separation and flotation which afford 
interesting examples of discovery originated in 
empiricism, developed by chance discovery and 
mechanical ingenuity and further improved by the 
direct application of scientific thought, whereby their 
utility has become widely extended so as to effect 
invaluable economics in the mineral industries. 
Although various theories have been advanced to 
explain the phenomena of flotation, the true mechan¬ 
ism remains as yet obscure. It is instructive to 
follow the stages of the advances made in this direc¬ 
tion, and to indicate the present views on the subject. 

In 1886 Carrie J. Everson found that sulphide 
mineral particles could bo separated from the gangue 
in ores by kneading the finely crushed ore with a paste 
formed by the action of sulphuric acid on certain 
oils, e.y., linseed or cotton seed. The oil adhered to 
the particles of sulphide mineral and bound the whole 
into a coherent mass. The gangue was then washed 
away by water. The process was very little used, its 
application being limited to rich pyritic gold ores, 
the treatment of which was profitable. 

The next development, patented by Elmore in 1898, 
was an oil separation process wherein the finely 




8 


WHAT INDUSTRY OWES 


crushed sulphide ore made into a pulp with water 
was well mixed with 3 to 0 per cent, of its weight 
of residuum oil. The oil floated to the top and 
formed a layer carrying the sulphides, leaving behind 
the gangue. The top layer was separated by means 
of a spitzkaaten and the oil run into a contifrugal 
machine containing warm water, where some of the 
oil was separated to be used over again. The partially 
de-oiled concentrates were further treated in a smaller 
centifrugal to effect a fiuther separation of oil, and 
were then ready for the smelter. In 1901 Elmore 
patented the use of sulphuric acid in the process, as 
an aid to the production of cleaner concentrates. 
The process was not generally adopted because the 
losses of oil due to entanglement in the gangue pulp 
were very high. 

The Elmore vacuum method was an outcome of 
the above. This is an oil flotation process, as distinct 
from an oil separation process. The pulp of ore and 
water, mixed with a very small quantity of oil and 
enough sulphuric acid to make the mixture slightly 
acid, is exposed to a partial vacuum; the air 
dissolved in the water rises up through it in the form 
of bubbles, floating tho oiled sulpWdes to the top, 
whence they are drawn off. From a 2 to 3 per cent, 
copper ore, concentrates of up to 20 per cent, can 
be produced. 

In 1901 C. V. Potter, working on Broken Hill ore, 
heated the crushed ore in an acid water pulp. The 
action of the acid upon carbonates in the ore generated 
carbonic acid gas, which, rising to tho top, carried 
sulphide mineral with it. In 1902, in connection with 
this process, G. D. Delprat used salt cake instead of 
sulphuric acid. 

In 1903 Cattermole, by adding 4 to 6 per cent, 
of oleic acid to the ore-water pulp and applying slow 
agitation, caused the sulphide particles to aggregate 
into large grantJes with the oil. The gangue which 
remained in the pulp was then separated by means 
of an up-oast. The principle of the method was good, 
but the expense in oil was large. It was in connection 
with the work on this process, however, that the froth 
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flotation process was discovered. By using sinall quan¬ 
tities of oil—up to 0.1 por cent, calculated on the ore, 
though less generally—and churning up the pulp with 
air by rapid agitation with a special paddle, the oiled 
sulphide particles are caused to rise to the top os a 
strong froth which is floated off by a spitzkasten. This 
process especially has boon developed by scientific re¬ 
search, and the ofticioncy and the economy of ore con¬ 
centration have been thereby greatly improved. Sul¬ 
phide ores of zinc, copper, lead, iron, antimony, 
inolybdomim, and of other metals are very efficiently 
treated. 'I’in-stonc-pyrites table concentrates are 
separated, the pyrites bedng floated off ; and graphite 
is easily concentrated to an exceedingly clean product. 
The grade of the concentrates is high and the recovery 
excellent. The use of acid is sometimes necessaiy 
to produce clean concentrates, enough being added 
to ensure an acid reaction in the pulp. Curves can be 
plotted showing tho variations in grade of concen¬ 
trates and recovery with variation in the amounts of 
oil and acid used. The testing of ores is scientifically 
carried out in special apparatus. The experimenter 
not only finds the best method for treating the ore, 
but also observes and records any peculiarities ex¬ 
hibited that may be of use in furthering the aims of 
tho process or may serve to throw light on the 
ultimate causes of the principles underlying the 
method. Wood’s modification of the above process 
renders it possible to concentrate certain ores without 
the use of oil. 

These concentration procfisses are of comparatively 
recent invention, and are increasingly applied to the 
treatment of low grade sulphide ores and the tailings 
from table concentrations. 

Experiments on the flotation of other minerals, 
such as native copper, gold, and Scheelite, an ore of 
tungsten, have met with success, and will probably 
be greatly developed during the next few years. The 
flotation of carbonate and other oxidised ores has 
been attempted with positive results, but this exten* 
sion also is as yet in the experimental stage. The 
general opinion of men of science at the present day 
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is that flotation is an e&ct of surface tension, though 
some favour the view that the mineral particles must 
also carry an electric charge. The ultimate causes 
can only be established by further research. 

Tn dealing with the separation of minerals wo sliould 
mention also the important work of electrical and 
mechanical engineers, to whom much credit is due for 
the invention of magnetic separators. Many ores 
containing magnetic minerals are now efficiently' 
treated by these machines, involving both wet and dry 
methods. As instances may bo taken the magnetic 
concentration of magnetite ores, and the separation 
of this mineral from pyrites. Magnetic separation 
has also been applied in the treatment of monazite 
sands for the concentration of thorium, to which we 
will refer later. 

Copper.—Scientific knowledge has come to the aid 
of the copper smelter and refiner in various ways. The 
introduction of water-jacketed blast furnaces—such 
as are used in load smelling—in the fusion for regifius, 
has reduced wear and tear to the minimum. These 
furnaces are made of iron and arc double walled, with 
water circulating tlu-ough the space between the 
walls, producing a cooling effect inside the furnace in 
the immediate vicinity of the wall. The result is 
that some of the molten slag solidifies on the wall, 
forming a protective coating which is not further 
attacked, since the liquid does not corrode it, and 
thus the iron walls of the furnace scarcely come into 
contact with the liquid. 

A method of smelting pyritic copper, silver, or gold 
ores by the heat of oxidation of the pyrites, without 
the aid of any other fuel was introduced as recently 
as 190fi; in actual practice, however, up to 6 per cent, 
of carbonaceous fuel is now added. Water-jacketed 
blast furnaces are used, and air—pre-heated in some 
oases—is liberally supplied through a large number 
of tuyeres. 

Copper intended for use os an electrical conductor 
must be of high quality, the presence of very small 
quantities of certain other bodies causing a marked 
diminution in its efficiency. The necessary degree of 
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purity can now easily be obtained by the methods of 
electrolytic refining. A thin sheet of electrolytic 
copper forms the cathode, a slab of blister copper 
the anode, and the electrolyte is an acidified solution 
of copper sulphate. 

Pure copper is deposited on the cathode, the anode 
being gradually dissolved. Impurities in the copper, 
such as iron, zinc, nickel, &c., of which the sulphates 
are soluble, are allowed to accumulate in the solution 
until their quantity renders the liquor inconvenient 
to deal with. At this stage the copper in the liquor 
is precipitated with metallic iron and fresh solution 
substituted. Other metals present, such as platinum, 
gold, silver, load, and arsenic, form a fine mud in the 
bath, and this mud is afterwards treated for recovery 
of the precious metals. Thus, by this scientific 
method, not only is copper obtained in a very pure 
state, but the gold, silver, and platinum also can be 
extracted profitably. 

Lead .—^A remarkable instance of the application of 
pure science to the solution of a technical problem is 
provided in the methods employed in the desUverisa- 
tion of lead by the Fattinson and the Farkes methods. 
Before 1833 the only available process was cupellation, 
and this could only be effected economically if the lead 
contained 8 oz. per ton or more of silver. Therefore 
much silver remained in the load, of which, in the 
aggregate, large quantities contained less than this 
amount. The method patented by Hugh Lee 
Fattinson in 1833 depended on the fact that when 
a solution is partially frozen some of the solvent 
separates in the solid form, leaving a solution richer 
in the dissolved substance. For instance, when salt 
water is frozen, pure ice separates and the remaining 
solution is stronger in salt. Molten lead containing 
silver may be regarded as a solution of silver in lead, 
and if tlus solution is allowed to solidify partially, 
almost pure lead separates out in cryst^. Two 
methods are adopted, that of thirds and that of 
eighths. Usually, sixteen kettles, lined with lime to 
prevent attack by litharge and holding about 12 tons 
each, are employed. For lead comparatively rich in 
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silver, two-thirds of the contents of each pot are 
removed as lead crystals; and for lead which is 
poorer in silver, seven-eighths of the contents is 
removed from each pot. In the latter case fewer 
puts are required. By these moans, respectively, 
starting from a lead contaiiung up to 3 oz. of silver 
per ton, a silvery lead containing 700 oz. per ton, 
and a “ pure ” lead containing only J oz. to J oz. of 
silver per ton can be obtained. The process in each 
case is stopped when the silver reaches about 700 oz. 
per ton, as this is approaching the eutectic.* A 
modification of the method has been introduced 
whereby the lead is cooled more quickly by blowing 
in steam and spraying the top of the lead with cold 
water, the rich silvery load being poured off from the 
crystals instead of the latter being baled out. 

The silvery lead obtained by either process is 
cupelled on a hearth made partially of bone ash, 
which absorbs most of the lead oxide. Some of the 
litharge produced is blown over the side of the cupel 
by the blast of air, and is used in the manufacture of 
paint. 

The Parkes process depends upon the fact that 
silver is much moro soluble in zinc than it is in lead, 
whilst lead and zinc are mutually soluble only to a 
small extent. A saturated solution of zinc in lead 
contains only about 1 per cent, of zinc whilst a 
saturated solution of lead in zinc contains 2 to 3 per 
cent, of lead. If, therefore, molten argentiferous lead 
is stirred up with molten zinc the latter extracts most 
of the silver from the lead and when the stirring is 
discontinued rises to the top, forming a separate layer. 
An exactly parallel operation frequently used in the 
laboratory is the method of extraction by ether. 
On shaking ether and water together each di^olves a 
little of the other. When the shaking is stopped the 
liquids separate into two layers, the ether being the 
uppermost. Suppose we are dealing with the aqueous 
solution of a substance that is moro soluble in ether 
than in water, and that the solution in water is 
inconvenient to work with, the substance can be 


* See note on p. 21. 
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almost completely removed as a solution in ether by 
shaking the solution repeatedly with small quantities 
of ether, which can then be removed by distillation. 

In practice, the work lead is purified by remelting, 
to effect the removal of copper, arsenic, antimony, &o. 
The lead, so far purffied, is then melted in a pot 
and heated to about 500 dog. C., lumps of zinc are 
added and the liquid is well stirred with iron pEuidles. 
The quantity of zinc added depends on the richness 
of the lead in silver, but in any case is very small and 
rarely exceeds 2 per cent, of the weight of the le£id. 
When the agitation is stopped, the liquid is allowed to 
cool and a crust of zinc containing the silver solidifies 
on top of the still molten lead, is removed by ladles 
and liquated to separate some of the zinc. The 
remainder of the zinc-silver mixture is then transferred 
to graphite retorts and the zinc is distilled off. It is 
found to be advantageous in extraction by zinc—as in 
the case of ethor—^to add the zinc in three instalments, 
and not all at once. When the lead contains gold, 
about one-tenth of the zinc is put in at first, when the 
scum of zinc separated contains all the gold. The 
silver is then extracted by continuing the process. 
The remaining lead contains about 1 per cent, of 
zinc, which is removed by blowing air emd steam 
through the molten metal, the zinc being blown away 
as oxide, leaving the lead in a very pure state. The 
Parkes process, now used extensively, has been 
rendered more efficient by the recent discovery that 
graphite retorts can be used for the distillation of the 
zinc. 

These processes for desilverisation not only yield 
valuable quantities of silver but also produce lead 
in a high state of purity. In fact, leiid as now pro¬ 
duced is one of the purest of the commercial metals. 
It would probably not be so if no precious metal 
could be extracted from it, because in order to win 
the silver all other impurities must also be removed. 
Whereas work lead is hard, pure lead is soft end can 
be easily manipulated, purity being, moreover, vary 
important in the starting material for the manufac¬ 
ture of white lead for mal^g paint. 
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Nickel was discovered by Cronstedt in 1750' 
During recent years it has assumed an important 
position in tho civilised world. Hi is malleable, 
ductile, hard, takes a high polish, and is very 
resistant to atmospheric oxidation. To those 
valuable properties nickel owes its uso in the electro- 
platmg of small iron and steel articles to prevent 
rusting, in tho manufocture of rifle bullets, which are 
covered with a layer of nickel to give a hard clean 
surface that will not foul the barrel, and also in the 
preparation of nickel steels and of certain alloys 
with copper and zinc, such as nickel silver, which 
are used in the mamdacture of forks and spoors, 
ornamental articles, wire, medals, and coins. Nickel 
is also used in the finely divided state as a catalyst, 
in the hydrogenation of certain oils and fats. By the 
action of hydrogen in the presence of finely divided 
nickel, liquid oils such as fish oil, linseed oil, oUve oil, 
can bo “ hardened ” into solid fats suitable for the 
stEirting materials in tho manufacture oi foodstuffs, 
candles, and soap. For theso purposes tho nickel 
used must bo very pure. The older methods of pro¬ 
duction were difficult and expensive, but in 1895 
Ludwig Mond introduced a method by which the 
pure metal can be obtained at a comparatively low 
cost from tho nratte produced by the first smelting 
operation. Mond discovered that metallic nickel 
combines with carbon monoxide when heated to 
80 deg. C. in an atmosphere of that gas, yielding 
a volatile compound, nickel carbonyl. The matte is 
roasted and then reduced at 400 deg. C. by 
producer gas. The reduced metal is then exposed 
at 80 deg. C. in a “ volatiliser ” to the action of 
carbon monoxide. Tho gas issuing from the volatiUser 
contaiiring the nickel carbonyl is passed through 
vessels heated to 180 deg. C., where tho nickel is 
deposited in tho pure state. The carbon monoxide 
is obtained from flue gases by passing first through 
boiling potassium carbonate solution and then over 
hot coke. The carbon monoxide obtained by tho 
decomposition of the nickel carbonyl at 180 ^g. C. 
is also used over again. This brief survey shows how 
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Mond’s soientido discovery and its exploitation has 
had its effect on very diverse industries. 

Sodium. —M^allic sodium was first obtained by Sir 
Humphry Davy, in 1807, by the electrolysis of caustic 
soda, but no attempt was then made to manufacture 
sodium on the large scale by that process. Up to 1891 
it was produced by carbon reduction methods. The 
method of Brunner, improved by Deville, consisted in 
igniting a mixture of sodium carbonate and charcoal; 
but this process was very wasteful and expensive, 
and the price of sodium was consequently high. 
In 1886 Castnor employed caustic soda instead of 
sodium carbonate, and tliis improvement, the outcome 
of scientific research, effected substantia,! decrease in 
the cost of production. In 1891 the old process was 
entirely abandoned and replaced by Costner’s electro¬ 
lytic method, founded on Davy’s discovery and 
developed in the laboratory, by which fused caustic 
soda was electrolysed in an iron vessel under special 
precautions for even heating and the maintenance of 
a constant temperature. The method was cleaner 
and more efficient, and as arosult sodiiun became really 
a commercial product, thousands of tons being ren¬ 
dered available annually for the preparation of sodium 
cyanide for gold extraction, under the MaoArthur- 
Forrest process for dealing with low grade ores and 
sand and slime tailings. 

Aluminium —so much valued for its lightness, 
strength, and unalterability in air—heis a history 
resembling that of sodium. It was first isolated in the 
pure state in 1827 by Wohler by fusing the chloride 
of the metal with potassium in a closed crucible, and 
again by the same chemist by passing the vapour of 
aluminium chloride over potassium. In 1864 Bunsen 
used the method of electrolysis of the fused chloride, 
and Deville applied the method of Wohler in attempts 
to manufacture the metal on a large scale using 
sodium instead of potassium. Samples of Beville’s pro - 
ducts were shown in ingots at the Paris Exhibition of 
1866, where they occupied a prominent position, care¬ 
fully guarded by gendarmes, only a few visitors being 
allowed to hon^e the exhibit, which was regarded as 
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a great curiosity. This was an incentive to fxirther 
research, with the result that a short time later the 
large scale manufacture was established at Alois on 
the Loire. The use of sodium, then* itself a costly 
metal, was only one item in the heavy expense 
involved. The method hold its own for some years, 
but in 1887 Bernard Ereres, of Paris, reverting 
to the method of Bunsen, foimdod their electro¬ 
lytic process, using a mixture of cryolite and 
common salt as the electrolyte. Before 1887 
aluminum was sold at £3 per pound. Now it can be made 
at very low cost, whore power is cheap, to be sold at 
little more then a sliilling per pound. The method 
whereby a solution of oxide of aluminium in fused 
cryolite is kept in the molten state, and decomposed, 
by an electric current, yields a metal of over 99 per 
cent, purity compared with the 97 to 98 per cent, 
metal from the older process. The expenditure of 
electrical energy is high, and in the hght of our 
present knowledge it appears futile to endea¬ 
vour to reduce it. When alummium is used in 
the thermite process, on enormous quantity of energy 
is evolved in the form of heat, producing a very high 
temperature, the aluminium being converted into the 
oxide. To win back the metal from the oxide an 
equal amount of energy has to be put back, thus 
accounting for the quantity of energy absorbed in 
the preparation of the metal. 

Magntsium was first isolated by Davy. It owes its 
method of preparation and present-day uses solely to 
scientific investigation. It is manufactured by a pro¬ 
cess similar to that used for aluminium, by the electro¬ 
lysis of fused anhydrous camallite, a double chloride of 
magnesium and potassium. The “ magnalium ” 
alloys of aluminium and magnesium are lighter than 
the former metal, give very good castings, and are 
as strong as brass and bronze. The use of magnesium 
in flashlight photography is well known. 

Molybdenum and Tungsten, like aluminium and 
magnesium, are children of science. Both are used 
for making special steels, and tungsten is also formed 
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into filamonts for incandescent electric lamps, its 
efficiency in this role being very great. 

Chromium, which was discovered by Vauquelin in 
1797, and is much used in the manufacture of special 
steels, has a very high melting point, and on that 
account cannot be prepared in a fused state by 
ordinary methods. The metal was isolated by 
Deville by boating chromium oxide and sugar char¬ 
coal in a lime crucible j and by Wohler by heating 
the chloride with metallic zinc under a layer of 
sodium chloride, and subsequently removing the 
zinc by treatment with nitric acid, the chromium 
being thereby obtained in the form of a grey powder ; 
but these and similar methods could not be adopted 
economically on a commercial scEkle. In 1893 
Moissan published the method whereby a mixture 
of chromium oxide and carbon is heated to the high 
temperature of the electric furnace, giving a product 
containing large quantities of carbon from which it 
can be freed only by difficult and expensive processes. 
Ferrochrome, however, an alloy of iron containing 60 
to 70 per cent, of cliromium, is manufactured on a 
large scale by the thermite process. Chromite, an 
ore of chromium and iron, is finely crushed and ■well 
mixed with aluminium dust. The mixture is ignited 
with the aid of burning magnesium. The aluminium 
reduces the oxides of iron and chromium with evolu¬ 
tion of great heat, and consequent production of a 
tompornturo sufficiently high to fuse the ferrochrome, 
tke alloy being thus produced in a compact and 
homogeneous condition. Chromium metal of over 
99.5 per cent, purity can be obtained by the thermite 
process, the principal impurities being small quanti¬ 
ties of iron and silicon. The thermite process is used 
when freedom from carbon is desired, that of Moissan 
being applicable when the presence of a certain 
quantity of carbon is not objectionable. 

Thorium, discovered by Berzelius in 1828, is 
interesting scientifically by reason of its radioactivity. 
It has found no useful application as a metal, but its 
oxide, thoria, has proved invaluable to the gas 
industry, being; used for the manufacture of incan- 
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descent mantles, of which the world’s production is 
estimated at over 400,000,000 annually. Thoria, 
when heated directly in a flame, possesses the property 
of converting heat energy into light. Research was 
therefore directed to the utilisation of this property, 
the evolution of the modern gas mantle being the 
result' of purely scientific investigations, requiring 
great skill and patience. Not the least difficult pro¬ 
blem to be solved was the production of thoria in 
the necessary state of purity. In the early history 
of the manufacture of the mantles, the known sources 
of thoria were not numerous, although the available 
ores were rich, and presented little difficulty in treat¬ 
ment, but the discovery of large deposits of monazite 
sand in South America stimulated the industry by 
considerably diminishing the cost of the materials 
employed. For a time, while the value of the sand 
remained unrecognised by the States wherein it was 
found, the sand was shipped to Europe as ballast—an 
illustration of the advantages to be gained from 
scientific investigation into natural resources. How¬ 
ever, that is another story ! Monazite is a complex 
mineral consisting of the phosphates of thorium and 
the'metals of the rare earths, occurring mixed with 
other minerals as a sand. To obtain pure thoria 
from this ore a protracted treatment is necessary, 
involving concentration by tables and by magnetic 
separation, followed by fractional precipitation of 
the oxides from solution. The thoria appears on tlje 
market as nitrate. In the manufacture of mantles 
a cotton framework, supported on an asbestos collar, 
is soaked with a solution of the nitrate and dried ; the 
cotton is burned away, and the resultant oxide is 
hardened by further heating, and stiffened by dipping 
into collodion, which in turn is removed by burning 
when the mantle is placed in position ready for use. 
It was found that the presence of about one per cent, of 
cerium oxijie in the mantle increased to a maximum 
the transformation of heat energy into light, whereas 
a marked diminution of luminosity was observed 
when the quantity of cerium oxide was increased or 
diminished. For this reason the equivalent of one 
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per cent, of cerium oxide is added to the solution ol 
tiiorium nitrate. The credit for practically the whole 
of the scientific work underlying the industry is due 
to Auer von WeLsbach. 

Vanadium, discovered in 1830 by Sefstrdm, in the 
refinery slag of the iron ore of Taberg, in Sweden, is 
of increasing service to the maker of special steels. 
In effect 0.2 per cent, is equivalent to 3 to 4 per cent, 
of nickel, and (Experience tends to show that it imparta 
to steel the power of resisting changes caused by 
vibration, a most valuable property from the ongi- 
noesr’s point of view. It is mainly used as an alloy, 
iorrovanadiuiti, prepared by the thermite process. 
It Ls worthy of note, as affording an instance of the 
utilisation of “ waste,” that the mixture of motals 
obtained by reducing the rare earth oxides forming 
the residue of monazite after the extraction of thoria 
is einployod, in the place of aluminium, to produce 
pure vanadium by a method resembling the thermite 
proc(!Hs. 


THE NOBLE METALS. 

Gold .—In th(} rocovory of gold large quantities 
of motal were previously thrown away in tailings, 
owing to tlio fact that amalgamation left a certain 
amount unoxtracted from the ore. The Plattner 
chlorine method and the MacArthur-Forrest cyanide 
process have now rendered the tailing motal 
available. The Plattner method, which is also used 
in the treatment of auriferous pyrites, depends on the 
action of chlorine gas on the roasted ore, the chloride 
produced being subsequently leoohod out with water. 
Tho gold is then precipitated by treating the solution 
with some suitable material, such as ferrous sulphate, 
charcoal, sulphuretted hydrogen, sulphide of iron, dr 
sulphide of copper. The MacArthur-Forrest pro¬ 
cess, also founded on the study of the chemical 
properties of gold, oonaists in the treatment of the 
sand or slime tailings from the amalgamation 
process, or, in some cases, a very low grade ore, 
with a dilute solution, not more than 0.3 per cent., 
of potassium or sodium cyanide, and the subsequent 
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precipitation of the dissolved gold by means of zinc 
shavings. The zinc is removed by distillation from 
graphite retorts, or sometimes by dissolution in 
sulphuric acid, the latter method yielding a somewhat 
richer bullion. In a method introduced by Tavener, 
the zinc-gold precipitate is mixed with litharge, saw¬ 
dust and assay slags, and melted in a reverberatory, 
the resultant lead bulhon being subsequently cupelled 
for recovery of the gold. In another method, 
devised by Siemens and Halske, the gold is precipi¬ 
tated from the cyanide solution by electrolysis, using 
iron anodes and lead cathodes and recovering the 
gold by cupelling the cathodes. 

In the separation of gold from silver, nitric acid 
was at one time universally employed, but in 1802 
D’Aroet utilised the fact, discovered in 1753 by 
Schoelo, that concentrated sulphuric acid was equally 
suitable for the purpose. Tlus constituted an improve¬ 
ment of considerable value, effecting a saving both of 
cost and time, and it must be remombered that in this 
coimection “ time is money,” for gold brings interest. 

The Platinum Qroup .—The metals of the plati¬ 
num group are among the most valuable acqui¬ 
sitions of civilised man, and their availability is 
entirely due to chemists, among whom may be 
mentioned Achard, Janetty, Knight, Wollaston, 
Deville, and the firm of Johnson, Matthey and Co. 
Platinum itself is easily worked by the oxy-hydrogen 
flame method of Haro, modified and improved by 
Deville and Debray, and is useful for many purposes 
in which special resistant properties are essential, 
such as for vessels employed in analytical chemistry, 
for stills for the concentration of chamber acid, 
for standard woights and measmos, for electrical 
leads fused into glass, as a catalyst in the contact 
process for making sulphuric acid, as a photographic 
medium, and for mounting jewellery. 

Other members of the group are iridium, discovered 
by Tennant in 1804, used in combination with plati¬ 
num in the construction of pyrometers, and as pure 
metal for tipping gold pens ; osmium, discovered by 
Descotils in 1803, and by Tennant in 1804, used in the 
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preparation of metallic filaments of electric lamps, 
and combined with iridium for tipping gold pens and 
for the bearings of the mariner’s compass ; palladium 
discovered by Wollaston in 180U, employed by 
dentists and jowellors ; and rhodium, discovered by 
Wollaston in 1804, used in the manufacture of certain 
forms of chomical apparatus. 

Noxi; (p. 12).—An alloy is tonnod eutectic when it is the 
most fusible of the alloys of two metals, the melting 
point being lower than that of either of the two 
metals of which it is composed. On cooling from the 
molten state it deposits a solid having the same com* 
position as tliat of Iho nioltou mixture. P’or example, 
the melting points of lead and tin are 328 and 232 deg. 
Cent, respectively, but an alloy of those metals containing 
31 por cent, of lead melts at 180 deg. Cent., any variation 
from this composition entailing a rise in the melting point. 
If an alloy richer in either constituent be slowly cooled, the 
motal present in excess of the above composition separates 
in the solid state as cooling progresses, until the composi¬ 
tion of tlie remaining fluid is that of tho eutectic, which 
then separates in the solid state. In the case of alloys of 
gold and silver thoro is no eutectic, tho melting points 
rising regularly from that of silver to that of gold. 
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Chapter II. 

HEAVY CHEMICALS AND ALKALI. 

Iff reviewing the progress iiindo in chemical 
industries proper, we are met with such a condition 
of interdependence that it is impossible to avoid over¬ 
lapping of the subjects to be treated. Moreover, 
the steps made in the improvement and development 
of processes, and in the evolution of new products, 
are so numerous that space will not allow of a com¬ 
prehensive scheme. Indeed, the library of the Patent- 
ofBce, one of the best for technological literature, 
cannot contain all that is due to chemists, nor disclose 
to which chemists the credif. should bo given for many 
important advances. Wo mast, perforce, recognise, 
however, that science is the basis of all substantial 
development in the industrial arts, and that the rule 
of thumb is dead. 

It haa often been said that the prosperity of a 
coimtry might be gauged by its output of sul¬ 
phuric acid; yet it is remarkable how little 
the man in the street realises the importance of 
this substance. He has a vague idea tliat it is 
the same thing as, or in some way akin to, vitriol, 
which he knows is destructive to clothing, and is 
associated with charges of criminal assault wherein 
some evil-minded wretch has employed it as the 
agency for disfiguring the features of a fellow-being. 
If he wore told that, even in normal times, the world’s 
output exceeded 6,000,000 tons he would marvel 
how it is that he never sees, and probably never 
has seen, the substance. The reason for this is, 
that the consumer of large quantities of the acid 
generally finds it convenient and economical to make 
it himself. Thus, although large quantities are 
produced and consumed there is only a comparatively 
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small quantity on the market. When we come 
to consider its technical applications we find there, 
is scarcely on industry that does not depend directly 
or indirectly on its use. It is employed in the 
manufacture of superphosphate fertiliser, os a solvent 
for metals—for example, in the parting of gold 
and silver—as a constituent of dipping baths for 
cleansing brass and bronze castings, and Ls used 
in the electrolytic refining of copper. Ammonia 
from tiie coal-tai’ and shale oil industries is absorbed 
in sulpiiuric acid, the resultant sulphate being exten¬ 
sively employed os a fertiliser. (The world’s 
production of ammonium sulphate probably exceeds 
1,500,000 tons.) The refining of oils, fats, and waxes, 
and of tar and ]ietroleum products is also carried out 
with the aid of sulphuric acid, and it is extensively 
used in the manufacture and sulphonation of dyestufis. 
Nitric acid, guncotton—and therefore, cordite, collo¬ 
dion and celluloid—nitroglycerine for dynamite, 
phenol, picric acid, T.N.T., other, saccharine, many 
drugs, liquid glue, alum, persulphates, and a host 
of other useful sul^tances are produced by processes 
in which sulphuric acid is an essential factor. It 
must be remembered, moreover, that many such 
substances are but the starting materials for the 
manufacture of other products ; so that regarded 
as a medieval ancestor, sulphuric acid can boast 
a genealogical tree of no mean order with many 
a noble family and innumerable progeny. Nor 
must wo forgot that not the least important of its uses 
is in the laboratory, whore also many of its relations 
are to be found among the reagents required by 
the chemist. Discovered in the fifteenth century 
by the alchemists, it was made until about 1770 
by two methods : (i.) by the distillation of crystallised 
sulphate of iron prepared by roasting iron pyrites j 
and (ii.) by the combustion of sulphur in a bell jar 
over water. Of these methods, the first survived 
until recently, being the only method available 
for making fuming acid, the second being the fore¬ 
runner of the modern load chamber process. Both 
are attributed to Basil Valentine (16th century), 
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who next discovered that by the addition of antimony 
sulphide and nitre, the yield could be substantially 
increased. Up to about the middle of the eighteenth 
centiuy the principal workers at the problem had 
been alchemists—monks and others—the pioneers 
of modern science; and the only process that could 
be called a manufacture was that with sulphate of 
iron as starting material. At about that time, 
however, two French chemists, Lefevre and Lemory, 
produced a method, used on a small manufacturing 
scale, wherein a mixture of sulphur and nitre, without 
antimony sulphide, was burned under a bell-jar 
over water. About 1770 Dr. Roebuck, of Birmingham, 
first employed lead chambers containing water, 
instead of glass bell-jars, tlnis considerably enlarging 
the scale of operations. The procedure was the same 
as in the bell-jar method. The floor of the lead 
chamber was covered with a few inches of water, and 
a kind of stand in the middle of the’ floor carried the 
charge of sulphur and nitre. The charge was ignited 
ai d the door was immediately closed and luted 
securely. The operations of charging, burning, and 
discharging were repeated until the acid attained 
the maximum strength compatible with the safety 
of the lead, when the liquid was drawn off and concen¬ 
trated. This was a discontinuous process, but in 
principle it was the modem continuous method 
in a primitive state. The transition from the one 
to the other was gradual, the outcome of much 
thought and research. A stop towards continuity 
of working was obtained by burning the sulphur 
in a separate vessel, and loading into the lead chamber 
the products of combustion, mixed with excess of 
air, and the fumes evolved on treating nitre with 
sulphuric acid. Complete continuity and greater 
speed of working was obtained when Kestner intro¬ 
duced the injection of steam into the chamber. 
The rationale of the process was explained by chemists 
by the aid of various theories, but a fact of great 
importance was clearly recognised, viz., that the 
nitric acid was merely a carrier of the atmospheric 
oxygen, and needed to be used only in small quantity. 
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Next it was found that the spent gas issxiing from 
the chamber gave rise, in contact with atmospheric 
air, to oxidised nitrogen compounds that could be 
used again in the chamber. Nitre being the most 
expensive raw material, many efforts were directed 
towards the recovery of those gases and their return 
to the circuit. The most successful of these and 
the one universally adopted was due to the great 
French chemist, Gay-Lussac, the friendly rival 
in many fields of work of our own Sir Humphry 
Davy. Tlie gases issuing from the chamber were 
conducted up a tower of lead or stone, packed with 
coke, dow'n which a slow stream of strong sulphuric 
acid was caused to trickle. TJie acid issuing from 
the foot of the tower contained all the oxides of 
nitrogen present in the chamber gas. This acid 
was then conveyed to tho top of another tower, 
invented by Glover, and in penetrating the length 
of the tower was met by the hot gases from the sulphur 
burners and deprived of its nitrogen oxides which 
wore retmnod to the chamber with the ingoing gases, 
to piny again their part in the transformation. The 
acid drawn from the chamber was concentrated 
in gloss retorts, platinum being afterwards substituted 
for gloss. Although tho initial outlay on platinum 
was very considerable, the loss by breakage was 
avoided. 

This short history of sulphuric acid manufacture 
should serve to illustrate how science has been the 
primary factor in its evolution. The subject of the 
use of iron pyrites as a source of sulphur will be 
deferred until we consider the alkali industry. 

Wo must digress for a moment to refer to another 
■^industry in order to indicate the origin of the contact 
process. About thirty-six years ago, various methods 
were discovered for the preparation of artificial 
indigo, and endeavours were made to apply the best 
of these on a commercial scale to compete with 
the natural product. The starting material in the 
most successful processes was naphthalene, at one 
time regarded by the tar distiller as a nuisance 
but now recognised as a valuable product. In the 
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first stage of the synthesis of indigo, naphthaiono 
is converted by oxidation into phthalic acid. Tliis 
was originally effected by chlorination and subsequent 
oxidation with nitric acid; but tho process was too 
expensive for successful application on the largo 
sc^e. Next the discovery was made that the direct 
oxidation of naphthaiono could easily be effected 
by fuming sulphuric acid in the presence of mercuric 
sulphate. At that time, however, tho only method 
of preparing the fuming acid was tho Nordhauson 
process, by heating sulphate of iron, and the product 
was too highly priced for tho prospective indigo 
manufacturer. Cheap fuming acid was, therefore, 
a necessity. It had been known to chemists for 
a half a century or more that sulphuric acid anhydride 
could be made from sulphur dioxide and oxygen 
by passing the mixed gases over heated finely divided 
platinum, and it was found that by absorbing the 
anhydride in concentrated sulphuric acid the product 
was tho fuming acid. In the laboratory, where 
the materials employed were comparatively pure, 
the method left nothing to be desired, but on the 
works where, for reasons of economy, materials of 
a crude nature, such as pyrites, had to be used, 
further obstacles were encountered. The process 
would go briskly for a time and then it would slow 
up and finally stop altogether. Tho platinum had 
lost its efficiency and tho chemists wore confronted 
with another difficulty. They are accustomed to 
this sort of thing and enjoy it. Indeed, some are 
almost disappointed when results come too easily 
and there is a lull in the chase. They found that 
the platinum had been “ poisoned ” by arsenic, 
antimony and merciuy from the pyrites ; they there* 
fore devised tho moans for washing these oxides 
out of the sulphur dioxide, and with this purified 
material their labours wore crowned with success. 
The manufacture of fuming acid and ordinary con¬ 
centrated sulphuric acid by the “ contact process ” 
is a fast growing industry, and will doubtless in 
time largely replace the lead chamber process by 
reason of its efficiency and cleanliness, and the 
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compactness of the plant required. Moreover, it 
is com'onient and economical to be able to produce 
acid of any strength without the expense involved 
in th<.! concentr.'ition. necesKary in the older process. 
On account of the diversity of its uses sulphuric 
ncid is required in varying conditions of purity and 
concentration, from the chamber acid and B.O.V. 
of commerce to the redistilled acid required in 
analytical operations. Researches have been con¬ 
ducted with a view to the elimination of impurities, 
and especially of arsenic. The contact process 
satisfies this requirement, but acid from the chamber 
process may contain this impurity in considerable 
quantity. The use of sulphur instead of pyrites 
results in the production of arsenic free acid, 
but chamber acid already (5ontaining arsenic can 
be froed from this impurity by precipitating it as 
sulphide with sulphuretted hydrogen before con¬ 
centrating the acid. Another method has been 
suggested whereby dry hydrogen chloride is passed 
through strong sulphuric acid heated above 150 dog. 
Cent., when the arsenic is entirely removed as 
trichloride, but tliis has not received extensive 
application. Both those methods are founded on 
everyday laboratory experience. 

One hundred and thirty years ago, as a result 
of the French revolutionary wars, France wosi'-cut 
off from tho supply of alkali andean appeal was 
made to chemists “to render vain tho efforts* 
and hatred of despots,*’ and, incidentally, to win 
a prize by producing a process for making alkali. 
I’his offer resulted, in 1794, in the submission to the 
Convention of more than a dozen process'^, some of 
which had already been in operation, including that 
of the apothecary Leblanc, wliich was accepted. In 
1814 it was introduced into England, and in 1823 the 
first works of importanco were established near Liver¬ 
pool by James Muspratt. In tho Leblanc ^process 
sulphuric acid is employed for tho decomposition of 
common salt. Tho residting sulphate is heated with 
chalk and small coal in a reverberatory furnace ; the 
mass is lixiviated with cold or tepid w^ter; the 
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solution is evaporated to dryness and the product 
is calcined with sawdust in a suitable furnace. The 
soda-ash or crude sodium carbonate thus obtained 
is dissolved in hot water, treated with lime, to obtain 
caustic soda, to be used by the soap and candlemakers, 
or the solution of the carbonate in water is filtered 
and crystallised to give washing soda. We have 
indicated that the substances required for tho 
process were salt, coal, clialk, and sulphuric acid. 
The first tlireo were to be found in abundance in 
Nature, but up to that time sulphuric acid was 
comparatively expensive, and the demand for it 
was not such as to warrant its extensive manufactOTe. 
It was to meet the requirements of the Leblanc 
process that tho output of tho acid was enormously 
increased, and although the process has now been 
superseded by that of Solvay, as far as carbonate is 
concerned, and is being replaced by electrolytic 
methods for making caustic soda, it must not be over¬ 
looked that we owe to Leblanc, indirectly, our cheap 
sulphuric acid, and therefore a thousand and one 
other cheap commodities. 

To return to the sodium carbonate, we may well 
ask how many good citizens and washerwomen 
who use it have any idea that a chemist has anything 
to do with its production t Possibly they think 
it exists naturally in the condition supplied; more 
probably still, they think nothing at all about it 
so long as it serves its purpose. 

If the crystals are ro-^esolvcd in water, filtered 
and re-crystallised, wo have tho pure sodium carbonate 
used in pharmacy. By passing carbonio acid gas 
into a cold solution of tho carbonate, and by placing 
the crystals in an atmosphere of tho gas, we obtain 
the bi-carbonate which is also employed in pharmacy, 
and as an ingredient of baking powders. 

The aim of the technologist is to avoid waste 
of any kind, either of matter or energy, the cost 
of a product to the consumer being in a great degree 
dependent on the efficient utilisation both of raw 
material and of by-products. The alkali industry 
furnishes many examples. In the Leblanc process, 
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among the main products are soda ash, which wo have 
shown is purified to obtain soda crystals, and “ alkali 
waste,” of which about 30 per cent, is calcium sulphide 
containing the sulphur from the original sulphuric 
acid. Tho waste was long regarded as useless, but is 
now treated for the recovery of tho sulphur. Many 
attempts have been made to recover this sulphur in 
a useful form, but it was only comparatively recently 
that tho Ciiance-ClauH method was introduced, 
whereby the alkali waste is made into a paste with 
water, and acted on by carbonic acid gas—lime-kiln 
gas and furnace gas being used for the purpose. 
The sulphur of tho calcium sulphide is converted 
thereby into suli»liurottod hydrogen, which is mixed 
with a carefully regulated supply of air and burned 
in contact with hot ferric oxide in Claus kilns. The 
hydrogen burns off and the sulphur is deposited 
in a practically pure state—a very valuable product. 

When, in 1839, an export embargo was placed 
on Sicilian sulphur, the alltali manufacturers, having 
to look elsewhere for their supply, found it in iron 
p^Tites. Tho residue of oxide of iron from the p 5 rriteB 
burners was not used as a source of iron, as it retained 
enough sulphur to render it unfit for this purpose. 
The pyrites used also contained a certain amount 
of copper, averaging 3 per cont., as well as small 
quantities of gold and silver. Until 1866 those 
residues were dximped as useless, but in that year 
Henderson introduced a method whereby the whole 
of the copper could be recovered by roasting the 
residues with common salt, lixiviating the mass 
with water, and precipitating the copper from the 
resultant solution by means of scrap iron. In 1870, 
a method was devised by Claudet to recover the gold 
and silver occurring in the residues. The copper 
solution formed on lixiviation in Henderson’s process 
contains the gold and silver os chlorides dissolved 
in the excess of common salt. By Claudet’s method 
the gold and silver are precipitated by the addition 
of zinc iodide to this solution, the precipitated 
iodides being subsequently reduced with metallic 
zinc in the presence of hydrochloric acid. 
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Thus by the application of science the revenue 
of the sulphuric acid and alkali maker increased, 
the price of his products is lowered, and valuable 
materials aro rescued from tho dump. More 
than 500,000 tons of pyrite.s are burned annually 
in England lor the sake of tho sulphur. Tho residue 
from this yields on extraction about 15,000 tons of 
coppor, 400,000 ounces of silver, and 2000 ounces 
of gold, the final residue being transformed into a 
valuable source of iron. 

In connection with this subject can be related one 
of the most interesting episodes in industrial history. 
For some time after the inception of the Leblanc 
process, the hydrochloric acid produced was allowed 
to escape into the air, as no use had been found for 
it. Metal ware was corroded, and vegetable growth 
destroyed for miles around the works and the nuisance 
gave rise to much litigation. The obvious remedy 
was to absorb tho noxious gas, and to effect this 
many of the larger works adopted in 1836 a method 
devised by Gossago. It was not until 1863, however, 
that the Alkali Act was passed, enacting that not 
loss than 96 per cent, of the hydrochloric acid gas 
produced should bo absorbed, a regulation rendered 
more stringent by subsequent legislation. Some idea 
of the quantity concernod nay be gathered from the 
fact that at that time about 3000 tons of the gas 
wero produced annually in England. To hark 
back to the earlier days when the makers first laid 
out capital to provide means for the absorption 
of the gas, they naturally wondered what return 
they could get for it. This was forthcoming in the 
increased demand for chlorine to make bleaching 
powder to be used for bleaching raw cotton and 
materials for paper making. Chlorine, set free from 
the hydrochloric acid by the action of manganese 
dioxide, was led over slaked lime, and the product 
was bleaching powder. The same gas passed into 
cold solutions of caustic soda and potash formed 
useful bleacliing solutions, while if boihng potash was 
used the product was chlorate of potash, a valuable 
substance in pyrotechny, in the manufacture of 




TO CHEMICAL SCIENCE 


31 


certain explosives, and in medicine. The manganese 
dioxide employed to liberate the chlorine was 
converted into a usoloss product, which was a loss 
to the manufacturer. Science again come to his 
aid in the discovery of Weldon, that the action of 
lime and air on the manganese waste resulted in 
the regeneration of an oxygenated body which might 
be used in exactly tbo same way as the original 
dioxide. Thus, by this process the dioxide acts 
merely as an agent in liberating the chlorine, and 
can be used over and over again, atmospheric oxygen 
being the real factor concerned in the change. 

The Deacon process for the manufacture of chlorine 
from hydrochloric acid hi a scientific method, whereby 
hydrochloric acid gas and air are passed over hot 
brick-work impregnated with copper salts. The 
products are chlorine gas and water, the copper 
salts acting merely as carriers of oxygon. The only 
losses are that of the hydrogen of the hydrochloric 
acid and the oxygen of the air. 

The two processes last considered, together with 
the lead chamber sulphuric acid process, being among 
the earliest of this type to be employed, serve to 
show how the chemist is teacliing the manufacturer 
to use catalytic< nnd contact agents to effect certain 
chemical changes—more especially those involving 
oxidation. Such processes ore numerous and success¬ 
ful at the present day, effecting wonderful economies, 
needing only simple and compact plant, and bringing 
about the required changes in the cloanest and least 
wasteful manner. 

The Ammonia-Soda or Solvay Process .—In this 
process sodium bicarbonate is produced by the action 
of carbon dioxide on an ammoniacal solution of 
common salt. The bicarbonate crystallises out, 
leaving ammonium chloride in solution, the ammonia 
being recovered by heating the solution with lime, 
and used over again. The lime employed is burnt at 
the works, the lime-kiln gas being the source of some 
of the carbon dioxide, while the gas expelled from 
the bicarbonate by calcination to m^e normal 
carbonate provides the remainder. The salt solution 
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used—brine pumped up from brine pits—is subjected 
to preliminary purification. Magnesium salts are 
precipitated by the addition of lime, the lime salts 
being afterwards removed by adding the necessary 
quantity of sodium carbonate or ammonia liquor 
containing ammonium carbonate. After settling the 
solution is drawn off and is then ready for use. 

This process, which was patented by Dyer and 
Hemming in 1838, though simple from the chemists^ 
point of view, presented considerable mechanical 
difficulties. The firsl. attempt to utilise the reaction 
on the large scale was mode by Schloessing and 
Holland in 1856, at a works near Pai'is. At the end 
of two years, however, the difficulties remained 
unsolved and the project was abandoned. In 1863, 
Solvay, who had taken out a patent two years earlier, 
erected an experimental factory near Brussels ; as the 
result of perseverance, he secured the success of the 
process, and in 1872 established a far larger works 
near Nancy. Two years later the process was intro¬ 
duced into this country, under the Solvay patents, by 
Mond, continued by Brunner, Mend and Co,, Limited, 
at Northwich, where for the first time natural brine 
was employed and other improvements were adopted. 
In 1896the production by the Solvay process exceeded 
that by the Leblanc process, over wluch it has several 
incontestable advantages. The use of brine from the 
pits effected a groat economy that could not be 
shared by the older process. The Solvay process is 
cleaner and the product purer. There is, of course, 
no sulphur to be recovered, but the chlorine from the 
salt is freq>i6ntly wasted as calcium chloride. As an 
improvement in the process, magnesia is now used in 
some cases to liberate the ammonia from the mother 
liquor, the resulting magnesium chloride being 
subsequently decomposed by heat into magnesia (to 
be used over again) and hydrochloric acid. 

Before leaving the subject of alkali we must note 
that electrolytic methods of manufacture form an 
increasingly important branch of the industry. 
Solutions of common salt are electrolysed in a special 
vessel, of which the Castner rooking cell is a type, 
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and caustic soda and chlorine* both marketable 
products* are obtained in separate compartments. 
When the process is modified so that the chlorine 
is allowed to come into contact with the soda solution, 
chlorate or hypochlorite may be produced by 
employing hot or cold solutions respectively. The 
value of chlorates has already been indicated; 
sodium hypochlorite is used as a bleaching agent and 
as an ingredient in one stop of the manufacture 
of indigo. 
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CuAPi’En HI. 

COAL AND COAL GAS. 

Wk live in an ago of coal and iron. The great war 
is waged very much with coal—or rather, what wo 
get from it—and iron ; on the manipulation of these 
substances by engineers and chemists the produc¬ 
tion of munitions of war largely depends. Some of 
the coal we use to smelt the iron oro and to fashion 
the metal into convenient form for our use. When 
we have won tho iron we can use it, scrap it, and use 
it again many times, but tho coal once used is 
destroyed for all time. The world’s annual produetion 
of this valuable mineral probably exceeds 1,335,000,000 
short tons, and it is utilised (1) as a domestic fuel, 
with which we are all familiar; (2) as a source of 
mechanical and electrical power through tho agency 
of steam ; (3) as a roducuig agent in certain chemical 
and metallurgical operations ; (4) for the production 
of coko in ovens; (6) as a source of gas for illumi¬ 
nating and heating purposes and of many other 
valuable products. 

The influence of scientific thought on the second of 
these uses is well known, though perhaps its extent 
is not always clearly recognised. For more than 
half-a-century, steam engines were designed to moot 
the requirements of coal as a fuel. It was the bed¬ 
rock of the art of engineering. Tho abundance of 
coal gave impetus to invention and tho modem steam 
engine is the result of the co-operation of physicists, 
chemists and mathematicians, with the practical engi¬ 
neer. As a reducing agent in applied chemistry and 
metallurgy coal itself is less used than coke. The 
ironmaster is a great consumer of coke-oven coke as 
a reducing agent, and it has found on important use 
in the manufacture of water gas and producer gas. 
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The first, a mixture rich in hydrogen and carbon 
monoxide, is obtained by passing steam through red 
hot ooke ; the second, a mixture of carbon monoxide 
and atmospheric nitrogen is formed by the similar 
treatment of carbon dioxide produced by the com¬ 
bustion of coke. Although water gas has a much 
greater calorific power than producer gas, it is not 
economical to make it alone, because the reaction 
between the coke and the steam is endothermic and 
the coke chamber must be heated externally to main¬ 
tain the requisite temperature. Dowson gas and 
Mond gas are mixtures intermediate between water 
gas and producer gas, made by combining the two 
processes and passing a mixture of steam and air over 
the red hot ooke. When the coke cools during the 
operation the temperature is raised again by cutting 
off the steam and allowing air alone to pass through. 
The use of those gases for heating purposes is very 
economical and finds extensive application. 

As one of the most striking examples of the influence 
of science in industry, coal gas manufacture demands 
consideration in somewhat fuller detail, treating of 
the distillation of a highly complex body from which 
the ohamist has obtained a vast variety of useful 
substances. The history is interesting also as an 
illustration of a development of philosophical experi¬ 
ment. In the seventeenth century the pursuit of 
science was the hobby of many men of learning and 
particularly of the clergy. The Rev. Dr. Clayton, 
rector of Crofton, distilled gas from coal and collected 
it in a bladder; the fact being communicated, in 
1888, to the Royal Society by Boyle. In 1760, Dr. 
Watson, Bishop of Uandaff, not only distilled gas 
but conveyed it in pipes from one place to another. 
The credit, however, is given to an engineer, William 
Murdock, for the first suggestion that coal gas should 
be generally employed for lighting purposes. In 
1792 he convoyed it from iron retorts through tinned 
iron and copper pipes, tapped at intervals, a distance 
of 70ft., lighting his house tmd offices. His early 
experiments were carried out at Redruth, and six 
years later he lighted the Soho foundry of Boulton and 
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Watt, at Birmingham. In 1799, Le Bon commenced 
similar experiments in France. In 1807, after one 
side of Pail Mall had been lighted by Winsor, a Bill 
was promoted in Parliament to authorise a company 
for the supply of gas in London ; in 1810 an Act was 
passed for this purpose, and two years later a charter of 
incorporation was granted to the Gas Light and Coke 
Company, still by far the largest gas undertaking in 
the world. Westminster Bridge and the Houses of 
Parliament were lighted in 1813, and from that time 
the practice of gas lighting spread rapidly in all 
civilised countries. 

The gas industry is essentially chemical, though it 
was formerly entirely controlled by engineers. There 
was a time when gas engineers were disinclined to 
show much appreciation of the chemical aspects of 
the industry. In some works the chemists, if any 
were employed, were exclusively relegated to the 
laboratory for routine testing without any opportunity 
of acquiring experience in large scale operations. The 
remuneration and prospects of such chemists were so 
poor that few worthy of the name could be induced 
to remain long in such employment. In many 
important works, however, chemists acquired the 
essential knowledge of the engineering side of the 
industry, led tho way in the introduction of improved 
methods and effected developments of a far-reaching 
character, especially in the profitable utilisation of 
material hitherto regarded as waste and the manu¬ 
facture of new products. ^ 

Enormous quantities of coal are subjected to 
destructive distillation to obtain its numerous and 
valuable decomposition products, of which gas, tar, 
ammonia and its salts, coke, and gas carbon are made 
on a huge scale and all consumed. The gas provides 
light and heat, whilst tho tar, useful in many ways in 
the crude state, gives, when distilled, benzene, toluene, 
solvent naphtha, carbolic acids, naphathaleno, anthra¬ 
cene, and many other substances, which in their turn 
yield, in the hands of the technologist, a host of further 
useful bodies, including explosives, dyes, disinfectants, 
end drugs. Fitch, the residue of tar distillation, is 
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used largely in the manufacture of patent fuel and 
provides excellent material in road making. Ammo¬ 
nia is employed in medicine, in the laboratory, and in 
cleaning cloth, and there are many uses for its salts, 
especially the Sulphate, a valuable fertiliser. Gas 
carbon, a hard, compact substance, is used by electrical 
engineers in the operation of arc lamps and fur¬ 
naces, and as a fuel in making producer gas. 

The purified coal-gas of commerce roughly consists 
of—hydrogen about 60 per cent, by volume, and 
marsh gas or carburetted hydrogen about 36 per cent., 
carbon monoxide 5 per cent., heavy hydrocarbons 
6 per cent., and nitrogen 6 per cent. As it issues 
from the hydraulic mains, which receive the vapour 
from the ascension pipes from the retorts, it is not 
at once ready for delivery to the consumer. Besides 
its essential constituents, it contains substances 
such as condensable hydrocarbons, ammonia, carbon 
dioxide, carbon bisulphide, sulphuretted hydrogen, 
cyanogen, and cyanides, some of which are ol sufficient 
value to pay for their extraction, all being undesirable 
impurities on account of their reducing the heating 
power of the gas or of the objectionable character 
of the products of their combustion. These bodies 
are therefore removed by condensation by cooling, 

“ scrubbing ” with water, and by passing the gas 
over suitable materials. The operation of scrubbing 
with water or with aqueous liquors from the hydraulic / 
mains removes the ammonia and part of the carboi/, 
^oxide. The gas then passes into a chamber 
containing moist slaked lime, where cyanogen com¬ 
pounds and the remainder of the carbon dioxide 
are removed, the former in a state from which they 
oiumot be recovered. Their recovery fre-n the gas, 
however, can be effected, when desired, oy a pre¬ 
liminary treatment with oxide of iron before the 
gas passes through the lime chambers. 

After the lime treatment the gas is led over moist 
oxide of iron, or Weldon mud, for absorption of 
the sulphuretted hydrogen, the material when 
spent being revivified by action of the air. The 
gas next passes over sulphided lime—^the substance 
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formed by the action of sulphuretted hydrogen on 
slaked lime—to eliminate carbon bisulphide, and, 
finally, undergoes an extra check treatment with 
oxide of iron, or Weldon mud, to remove any traces 
of sulphuretted hydrogen taken up from the sulphided 
lime. Subject to passing the prescribed tests for 
illuminating and heating power, the gas now passes 
to the holder—in ordinary parlance the gasometer— 
and is ready for the public supply. 

It is obvious that scienco is responsible for such 
a process of purification. There is scope for chemistry, 
physics, and mechanics in every stop. 

We have stated that the pipes from the retorts 
convey the vapour to the hydraulic main, where it 
is partially condensed, and the liquid thus condensing 
forms two layers, cool tar and aqueous liquor. The 
latter is uppermost, and contains ammonia and other 
soluble bodies. The tar was for long the bugbear 
of gas manufacture, its disposal being a difficult 
problem, but now it is of such value that the industry 
of tar distillation has grown tc be of great importance. 
It is distilled in large iron stills, the vapours evolved 
from which are condensed, the distillate being 
separated into fractions as follows:—First runnings 
up to 105 deg. Cent.; light oil from 105 to 210 deg. 
Cent.; carbolic oil from 210 to 240 deg. Cent.; creosote 
oil from 240 to 270 dog. Cent.; antliracene oil from 
270 up to the pitching point, this last temperature 
being determined by the quality of pitch desired. 
The first runnings form two layers in the receiver,, 
consisting of ammoniacal liquor and crude naphtha. 
These are separated, the former being added to the 
bulk of ammoniacal liquor, the latter being reserved 
for subsequent treatment. The second or light oil 
fraction, consisting mainly of hydrocarbons of the 
benzene series, is first re-distilled, yielding first 
runnings, which are added to the crude naphtha 
from the original tar first runnings, and last runnings 
which are worked up with the carbolic oil. 

The crude naphtha is washed with caustic soda 
solution to remove phenols in an easily recoverable 
form; then with strong sulphuric acid, which die- 
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solves bases and unsaturated bodies, and oarbonists 
other impurities, forming substances of a heavy, 
tarry nature, and finally another soda washing is 
given to remove the residual sulphuric acid. The 
spent sulphuric acid is used in the ammonia plant 
for the production of sulphate of ammonia. The 
naphtha so far purified is next redistilled from an 
iron still. Two fractions are collected—crude benzol 
up to 140 deg. Cent., and solvent naphtha from 140 
to 170 deg. Cent., the residue in the still being reserved 
for addition to the carbolic oil. From the crude 
benzol are obtained by further acid and alkali washing 
and careful fractionation, forerunnings of benzol, 
containing benzene, toluene, carbon bisulphide and 
thiophenes, commercial and pure benzol and toluol 
and solvent naphtha. Benzols and toluols are used 
by the dye manufacturers, and at the present day in 
enormous quantities in the manufacture of explosives, 
benzene being the starting point in one process 
for making picric acid, toluene being the material 
from which T.N.T. is made. Solvent naphtha is 
used as a solvent for india-rubber, the higher boiling 
portions containing naphthalene, forming a fuel for 
naphtha lamps. 

The carbohe oil is treated by cooling to separate 
naphthalene, and subsequently washing with a 
solution of caustic soda, which dissolves the carbolic 
and cresylic acids. These acids are recovered by 
neutralising the solution with sulphuric acid, when 
crude carbolic acid and sodium sulphate are formed, 
the former being subsequently worked up for pure 
carbolic acid and cresylic acid, both used in the 
manufacture of dyes, disinfectants, and ezplosivee, 
A modification of the above method is that Imown as 
the West-Knight and Gall process, whereby the 
oil is treated with a mixture of sodium sulphate 
solution and lime for the production of sodium 
“ corbolate ” and sulphate of lime. The solution 
is worked up as before, the sodium sulphate being 
utUised again for mixing with more lime. The 
insoluble oil is either mix^ with the light oil or is 
worked up for naphthalene. 
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Creosote oil is of value as a source of naphthalene, 
and for preserving wood from the action of the 
weather and destructive insects. Naphthalene, once 
a waste product, is now used largely in the manufac¬ 
ture of dyes, being the parent substance of artificial 
indigo, as an insecticide, and in other minor r6Ua. 
Anthracene oil is the source of anthracene, a condensed 
hydrocarbon of the benzene series, from which the 
alizarin dyes are made. 
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Chapieb IV. 

DYES, EXPLOSIVES AND CELLULOSE. 

The invention of dyeing has been attributed to the 
Phoenicians, probably because it is chronicled that 
Solomon sent to Hiram of Tyre for “a man cunning 
to work ” inter alia “ in purple and crimson and blue.” 
The Tyrian purple was derived from the throats of a 
species of murex, a molluscous animal, a single drop 
from each. Other dyes from animal substances 
include sepia derived from the black secretion of the 
cuttlefish, and cochineal which consists of dried female 
cochineal insects, discovered by the Spaniards in 
1618. 

The importance of the dye industry is not so much 
in the value of the dyes as in the vast interests of the 
textile industry with which it is so intimately 
associated. At a high estimate this country does not 
use annually dye.s to the value of £2,000,000, or, say, 
less than Is. per head, presuming the use to be 
confined to the British Isles j but the various industries 
affected exceed in annual value a sum of £200,000,000, 
and the labour involved in dyeing and printing 
processes is not far short of 2,000,000. Clearly then 
we cannot afford to be dependent on other countries 
for supplies of materials of this kind so long as we have 
the power to produce them ourselves. It is well 
known that the Government has now given active sup¬ 
port to the industry ; and we may rejoice that British 
Dyes, Limited, and other British dye concerns are 
making good progress towards its firmer establishment. 
Even before the outbreak of war, progress had been 
made in certain directions towards successful com¬ 
petition with the Germans, and since the war, by the 
aid of science, discoveries have been made which, in 
the view of the enemy producers, were calculated to 
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defy our ohemietB for at least ten years. Compared 
with the period occupied by the Germans in dis¬ 
covering artificial indigo—about thirty-five years and 
an expenditure of over £1,000,000—the taunt may be 
taken as a compliment; but in two years from the 
discovery of artificial indigo 426,100 out of 755,900 
acres of plantations went out of cultivation. It was 
first sold in 1897 and in the course of a few years drove 
the natural dyestuff out of the markets of the world, 
being only about one-third of the price, and the busi¬ 
ness passed from India to Germany. 

The history of the subject covering the consideration 
of all the dyes known would fill volumes exceeding in 
bulk the “ Encyclopa'dia Britannica.” The number of 
dyes revealed by science and the substances which 
science can foretell with certainty would form dyes, 
and the myriad derivatives of known colouring 
matters, would run into many thousands, though 
800 to 1000 should be more than sufficient for all 
practical purposes. 

The artificial dyes have several advantages #ver 
natural products. The range of shade for any colour 
can be extended and graded by the employment of 
suitable materials in a manner that caimot bo attained 
by using the natural dyes; the purity of artificial 
dyes is much greater, and the total cost of production is 
considerably less. On account of this superiority of 
synthetic dyes, the cultivation of indigo and madder, 
and the trade in cochineal have been almost completely 
overshadowed. Both indigo and madder have been 
investigated by scientific men, and the composition 
and nature of the dyestuffs determined. Further 
researches have led to the discovery of methods of 
synthesis of these substances, not only interesting 
from an academic point of view, but capable of holding 
their own and beating their natural prototypes in 
commercial competition. The use of cochineal has 
been largely replaced by the discovery and utilisation 
of azo-red dyes which imitate the colour very closely, 
such, for example, as Bieberich scarlet. The most 
important material used in the economical manu¬ 
facture of indigo is naphthalene obtained from the 




TO CHEMICAL SCIENCE 


43 


creosote oil fraction of the tar distiller by cooling, 
washing the crystals produced with alkali and with 
acid, and distilling or subliming the product. Other 
ingredients are chloraoetic acid and sodium hypo¬ 
chlorite, the preparation of which provides one of the 
numerous outlets for the elementary chlorine of the 
alkali manufacturer. A short sketch of the method 
of Heumann will not be out of place. 

Naphthalene is converted into phthalic anhydride 
by heating with sulphuric acid and mercuric sulphate. 
The phthalic anhydride in turn is transformed into 
phthalimide by heating under pressure with ammonia. 
By the action of sodium hypochlorite on phthalimide, 
anthranilic acid is produced and this substance, when 
treated with chloracetic acid, yields phenyl glycine- 
carboxylic acid, which by fusing with alkali, dissolving 
the melt in water and passing a stream of air through 
the solution, yields indigo blue. This complex series of 
operations hw met with complete commercial success. 

Alizarin, the dyestuff contained in madder, is made 
from anthracene, another coal tar product, by the 
action of sodium bichromate and sulphuric acid to 
form anthraquinone ; this is transformed by the action 
of sulphuric acid into anthraquinone sulphonic acid, 
the sodium salt of which when fused with soda and 
a little potassium chlorate yields a compound of 
alizarin containing sodium, from which alizarin itself 
is made by the action of acid. 

Bieberich scarlet, one of the naphthol azo dyes, 
a very important group, is, like indigo, prepared from 
naphthalene as starting material. 

These three examples serve to show how the 
laboratory and the factory have replaced the cultiva¬ 
tion field. There are also thousands of new dyes 
prepared from benzene, toluene, and carbolic acid, as 
well as many others from naphthalene. The name 
“ coal tar dyes,” however, is rather misleeiding to the 
uninitiated, for it seems to imply that the dyes exist as 
such in the tar and only need extraction. What is 
meant, is that the raw materials are found in the tor 
and need to bo transformed before anything of the 
nature of a dye can be produced. 
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The recovery and utilisation of these tar products 
in the manner indicated is a great achievement. The 
first known coal tar colour mauveine was made from 
aniline by Perkin in 1856, aniline having been 
discovered by Unverdorben, thirty years earlier, by 
distilling indigo. 

Dyeing .—The processes of dyeing and calico 
printing are definitely chemical and depend entirely 
on scientific control. Dyes are transparent and the 
eflects they produce vary according to the light 
reflected by the fibres of materials before they are 
dyed. Obviously, therefore, black cannot be dyed, 
and such colours as red, blue, and yellow can only 
be dyed in the same hues, unless the material, as is 
possible in the case of velvets and velveteens, be 
previously bleached. White reflects all rays and 
is essential as the basis for bright dyes. There must 
be chemical combination between the colouring 
matter and the cloth, and the dye must be dissolved 
in a solution having a weaker affinity for the colour 
than the cloth, while for economical working there 
must be accurate adjustment between these relations. 
Wool has a stronger affinity for dyes than silk, cotton, 
or linen. The solutions used must be varied as 
occasion requires. The choice of dyes for a given 
material involves the consideration of fastness to 
washing, and the action of light. Certain dyes will 
fix themselves directly to certain fibres but not to 
others without the use of mordants. The mordants 
commonly employed, such as tannin, and the oxides of 
iron and aluminium, were discovered empirically, 
but science has explained their action, while research 
has contributed to the discovery of many new kinds 
of colouring matter. In the art of dyeing the neglect 
of science is mainly responsible for the loss incurred 
by spoiled and impoverished material. 

EXPLOSIVES. 

f> From a brief review of one of the most interesting 
arts of peace we will pass to one of the prinoip^ 
industries of war. The methods of production of 
explosives are so closely allied to those of the coal 
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tar dyes that without much modification of plant 
•the dye maker can turn his attention to the war 
industry. We will not go so far as to suggest that 
the development of the dye industry of the Germans 
was part of their plan of preparations for war, 
but they have undoubtedly boon able to take 
advantage of the existence of their great factories 
for fine chemicals and dyes in this connection. From 
the discovery of ptdvis julminans by Koger Bacon 
in the tliirtoonth century, the invention of gunpowder 
and guns by Swartz, the monk of Cologne, in the 
fourteenth, and the first use of cannon in ships in 
the sixteenth century, there was little development 
in the science or industry of explosives until the 
nineteenth century; then, of course, the need for 
explosives in mining and engineering was far in excess 
of that for war. Our present business is not to 
moralise, but to indicate with caution what science 
has done for an industry, the foundation of which 
lies in the realisation, by scientific men, of the causes 
of explosion. An explosive compound or mixture 
is one that can be converted exothermically and with 
great rapidity into gaseous products which at the 
high temperature attained would occupy at ordinary 
pressure a much greater space than that occupied 
by the original compound or mixture. The enormous 
pressure generated by sudden expansion constitutes 
the explosive force, and the principle involved heis 
led to the utilisation of the explosive nature of a 
number of substances possessing this property which 
might otherwise have been overlooked. For instance, 
it is not at all easy to bring about the explosion of 
trinitrotoluene, or T.N.T. It is a relatively stable 
substance ; but a study of its nature and comparison 
with picric acid, a similarly constituted body of 
known explosive properties, would lead one to suppose 
that it could be detonated by percussion. 

In 1832, Braconnot demonstrated the formation 
of an explosive substance by the action of nitric 
acid on wood fibre, and in 1845 Schonbein obtained 
gun-cotton by treating cotton with a mixture of 
sulphuric and nitric acids. Its manufacture, however, 
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though started in several foreign countries, was not 
successful, the production being unstable and 
dangerous, owing to lack of care in the details of 
the operations involved. Sir Frederick Abel showed 
not only that must the starting material, cotton 
waste, be carefully selected, but that thorough water 
washing after nitration was an important factor. 
The instability of the Sohonbein material was due 
to the presence of free acids. The introduction of 
centrifugal driers and of paper pulping machines for 
breaking up the cotton fibre facilitated the wash¬ 
ing process, and reduced the risk of manufac¬ 
ture. 

Gun-cotton is used for a variety of military 
purposes, such as filling subterranean and submarine 
mines and torpedoes, and it possesses the great 
advantage that it can be exploded when wet, although 
the wet substance is safe for handling, transportation, 
and storage. When dry, it is exploded by a primer 
of fulminate of mercury; when wet, a primer of 
dry gun-cotton is used. The explosive power of 
gun-cotton led to attempts being made to use it as 
a propellant, but gun-cotton, as such, is not suitable 
for the purpose because its explosion is very rapid, 
violent, and uncertain. Attempts to “ tame ” it by 
gelatinisation with certain organic liquids met with 
success in the smokeless powders of Walter F. Reid 
and Vieille. The most remarkable result in this 
direction, however, was achieved by Alfred Nobel, 
who produced a homogeneous mixture of gun-cotton 
and nitroglycerine by the evaporation of a solution 
of those substances in acetone. By the modem 
development of this method, gun-cotton, nitro¬ 
glycerine, and a small quantity of mineral jelly are 
mixed well with acetone, and the resulti:^ paste 
is squeezed through jets to form continuous cords, 
which, when dry, have the appearance of catgut. 
This is cordite, the propellant explosive used in 
firearms of many sorts and sizes. 

Nitroglycerine, mentioned above, was discovered 
by Sobrero, in 1847, but its explosive properties 
were not utilised until its value was recogni^ by 
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Nobel. It is a fairly heavy oily liquid, detonating 
violently by percussion, when struck a sharp blow, 
or suddenly heated. On account of these propensities 
the substance, as such, is seldom, if ever, employed 
at the present time, but is converted into a safer 
form by incorporation with some inert material, as, 
for example, magnesia alba, or kieselghur, the 
product in the latter case being dynamite. In this 
form, although a certain amount of danger still 
attends its use, it is much safer than in the free state. 
Sometimes nitroglycerine is incorporated with an 
explosive diluent, as with collodion cotton, to 
produce blasting gelatine, a body with explosive 
power exceeding that of nitroglycerine; while a 
mixture of thinly gelatinised nitroglycerine with nitre, 
woodmeal, and a trace of soda, gives us gelatine 
dynamite, another useful blasting agent. Explosives 
of this class, used largely in mining, quarrying, and 
civil engineering operations, have been specially 
developed by Nobel’s Explosives Company. 

When we come to consider the class of substances 
used for the bursting charge of shells, it is difficult 
to give any individual the credit for their first applica¬ 
tion, or, shall we say, “ give the devil his due.” 
Picric acid, the oldest of these, was discovered in 
1799 by Welter, and its nature as a derivative of 
phenol was elucidated by Laurent in 1842. Preparations 
of picric acid are used by various countries, os a military 
high explosive under such names as lyddite, shimose, 
and melinite. Its great disadvantage is that it forms 
very sensitive and highly explosive salts when left 
in contact with metals for any length of time. This 
drawback is not shared by T.N.T., which has come so 
much into use during the war. The substitution 
of T.N.T. involves a loss of explosive power, but this 
is more than counterbalanced by the advemtages 
gained. It is used both alone and in conjunction 
with other substances such as aluminium powder and 
ammonium nitrate. Such a mixture is ammonal, 
a safe but very powerful explosive employed by the 
Austrians. Another very violent explosive is tetra- 
nitroaniline, discovered by Flaurscheim. It is not 
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very largely used, as the materials required for its 
manufacture are comparatively expensive. 

The whole industry is based on science, and should 
be controlled by trained men of science in every 
department. It has demanded its toll of human life, 
in spite of extraordinary precautions; but without 
science that toll would have been far ^ater, and 
certain it is that without the search for Imowledge, 
the desire to experiment, and the power to apply 
the knowledge gained, such an industry could not 
exist. 


CELLULOSE. 

Cellulose .—Cellulose belongs to the class of sub¬ 
stances known chemically as carbohydrates. All 
carbohydrates consist of carbon, hydrogen, and 
oxygen, the second and last occurring in the some 
proportions as in water. 

Cellulose is not afiected by ordinary solvents, but 
is attacked by strong sulphm-ic acid, yielding a 
starch-like body called amyloid, and is dissolved by 
ammoniacal solutions of copper salts, from which 
it can be precipitated in an amorphous form by the 
addition of acids. Tliis property constitutes the basis 
of one method of making artificial silk. It may be 
mentioned, incidentally, that when heated to 200- 
220 deg. Cent, with caustic potash, cellulose is broken 
down into oxalic acid, and large quantities of that 
acid are made in this way. Sawdust is fused with 
potash in iron pans ; the melt when cold b extracted 
with water, and the oxalic acid b precipitated as the 
insoluble calcium salt from which it b subsequently 
liberated by the action of sulphuric acid. This 
process, which was dbcovered by Oay-Lussac in 1829, 
and was first employed on the manufacturing scale 
by Dale in 1856, b far cheaper than the older method 
of oxidising sugar or starch with nitric acid. 

The cell^ose industry b held to include the manu¬ 
facture of cotton, linen, paper and pasteboard, and 
hemp and jute articles. We do not claim much in 
the way of debts to science in connection with the 
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manufacture of cotton and linen, but will choose 
paper and pasteboard for our purpose, and then refer 
briefly to artificial silk and celluloid. 

Paper may be regarded as one of the civili¬ 
sing agents in the existence of man. It is diffi¬ 
cult to imagine what progress the world would 
have made without it. The early history of paper 
is obscured by conflicting records. It is believed 
to have been used in China long before the Greeks 
and Romans ceased to use papyrus, but according 
to M. Terentius Varro, a voluminous writer contem¬ 
porary with Cicero, the invention was devised at 
Alexandria on the conquest of Egypt by Alexander 
the Great (b.C. 331). It was in use in Arabia over 
1000 years ago, and the Crusaders are said to have 
brought the industry to Europe. The earliest MS. 
on cotton paper in the Bodleian Collection in the 
British Museum is dated 1049, while one on the same 
material in the Library of Paris is dated 1060. Paper 
made of linen rags was in use here in 1170. The 
Moors are credited with having introduced the 
industry into Spain, where 12th century specimens 
still exist. The first paper mill in this country was 
established by Tate, in Hertfordshire, in the reign 
of Henry VII., who visited it, and the first important 
one was started at Hartford, in Kent, in 1688, or 
thereabouts, when Queen Elizabeth granted a 
monopoly,- for gathering rags and makhig paper, 
to Spiclmann, the Court Jeweller. 

Until the end of the 18th century paper was made 
by tearing and beating rags to pulp in a machine, 
dipping a wire sieve into the pffip, transferring the 
mass to a felt and pressing it in moulds of various 
sizes. About 1800 a Frenchman devised a method 
of making it in a continuous web, which he introduced 
into England, where it was steadily improved until 
about 1860, by which time, for all ordinary purposes, 
it had superseded the old hand-made method, 
although the latter is still employed for bank notes, 
bonds, ledgers, and important documents. 

With the introduction of machine-made papers 
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the output has been vastly increased, the cost reduced, 
and the variety extended to such a de^ee that there 
are now probably more than 20,000 kinds. In 1820 
the maehines produced paper at the rote of about 
40ft. per minute j the most modem can now exceed 
600ft. per minute. Before 1860, paper consisted 
almost entirely of rags, but about that time an 
Englishman introduced the use of esparto, MacroMoa 
{or Stipa) tenacissima, a grass also employed for making 
mats, nets, baskets, &c., of which the consumption in 
paper-making is normally about 200,000 tons a year, 
at £4 to £4 10s. per ton, almost all of it coming to this 
country for the production of fine printing papers. 
Over 400 different materials have been tried in the 
industry, but rags and esparto are the chief for good 
papers. Since the year 1880, chemical wood pulp 
has been used as the chief material for middling 
kinds, and more recently mechanical wood—made by 
crushing wood between rollers or by pressing it 
against a grindstone—mixed with varying quantities 
of chemical wood pulp, has been employed for the 
cheapest newspapers and common printings. 

Science has played an important part in the 
development of the paper industry. The introduction 
of cheap bleaching agents such as chloride of lime 
to which, as a by-product of the Leblanc process 
we have already referred, has effected considerable 
improvements and economies, while the utilisation of 
esparto and wood has been made practicable only 
by scientific research, the processes evolved from which 
we will now outbne. 

Wood fibre is a lignocellulose, a compound of 
cellulose and a complex substance called lignone, 
which acts apparently as a binding material. The 
forest wood is deprived of its bark and out across the 
grain into small chips, which are cleaned and then 
boiled at high temperature, under pressure, in a 
solution of caustic soda. From coniferous wood the 
yield of cellulose is about one-third of the weight 
of the prepared wood treated, the other two-thin^ 
being taken up by the alkaline solution. The caustic 
soda required, amounting to about 20 per cent, of 
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the weight of the wood, is recovered by evaporating 
the spent liqtior, incinerating the residue and treating 
a solution of the ash with lime. The organic matter 
in the residue, on burning, provides a good deal of 
the heat necessary for evaporating the solution. 
The process, however, has one disadvantage in the 
fact that a proportion of the cellulose is destroyed 
by the action of the strong alkali. In order to obtain 
better yields two modifications have been introduced 
comparatively recently. One consists in the sub¬ 
stitution of sodium sulphide for the caustic soda^ 
the sulphide being prepared on the spot by the reduc¬ 
tion of sulphate of soda with the residue obtained 
by evaporating the spent alkali. The oycle of 
operations is then completed by making up the 
working loss of sodium sulphide by the addition of 
sulphate of soda to the residue before incineration. 
The other modification consists in the application 
of an acid hydrolysing agent instead of the alkali. 
The acid substance employed is a solution of calcium 
or magnesium bisulplute containing approximately 
4 per cent, of sulphur dioxide. This solution is 
prepared by passing pyrites gases up a tower filled 
with calcite or dolomite down which water is trickling. 
The cost of the process is slightly higher, but not out 
of proportion to the increased yield of cellulose. 

The cellulose obtained by either of the methods 
is mashed to a pulp, washed free from adhering liquor, 
and bleached with chloride of lime and sulphurio 
acid, before being utilised in the manufacture of 
paper. Those who are interested in this subject may 
be invited to study the series of articles on “ Paper 
Making,” which appeared in Vol. CXX. of The 
Enoineeb. 

** Artificial —^The production from cellulose 

of materials resembling silk is the result of many 
years of scientific research and costly experiment 
In 1889 the Oomte de Chsrdonnet produced the 
first artificiid silk by nitrating cellulose and dissolving 
the resulting product in a mixture of alcohol and 
ether, thereby obtaining a viscous liquid which he 
forced through holes of very small diameter into water* 

»’ , 
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The threads thus produced were then subjected to 
the reducing action of ammoniiun sulphide and con¬ 
verted into an amorphous cellulose having the 
appearance of silk. 

The method now oxtonsivoly used is that devised 
by Cross and Bevan, who have contributed largely 
to the existing knowledge of the chemistry and 
technology of cellulose. The starting material, 
wood pulp, is treated successively with caustic soda 
solution and carben bisulphide, the viscous mass 
thni obtained being forced through small apertures, 
from which are produced filaments which are spun 
into a fino material also closely resembling silk. 

Celluloid —a very useful substitute for horn, 
tortoiseshell, ivory, &c.—was first made in 1869 
by treating nitrocellulose with camphor and alcohol. 
Its inflammability, however, has proved to bo a 
very serious drawback, attempts to overcome which 
have met with some success. By the substitution 
of acetate of cellulose for cellulose itself in the process, 
a non- infla mmable product—sicoid or cellon—-is 
formed which for some purposes is more useful 
than celluloid. 
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CHAPTEK V. 

OILS, FATS AND WAXES. 

Oils may be divided into: {a) animal, including 
whale and fish oils, stearin, wliich is mainly obtained 
from beef and mutton suet, and noats-foot oil from 
the foot of cattle ; (h) vegetable, such as olive, linseed, 
cotton seed, moizo, palm, rape, castor, and turpontin®, 
and essential oils : and (c) mineral oils, so-called, such 
i»H petroleufo, ozokerite, and shale. U is difficult to 
make a sharp division, however, for the reason that 
some are obtained from more than one of those sources ; 
for instance, stearin exists in the vegetable kingdom, 
and petroleum is corta.inly derived from the products 
of long siibmergod fish life. The tar oils we have 
already noticed in dealing with coal and coal gas. 
Among the most useful substances at our disposal 
oils are employed as fuel, illuminants and lubricants, 
and provide us with material for food and medicine, 
as well as for the manufacture of paints and varnishes, 
polishes and perfumes. 

Oil has been defined as a neutral fatty substance, 
liquid at ordinary temperatures ; but although we are 
not satisfied with the definition, we will not attempt 
to improve upon it, preferring rather to proceed with 
our task of indicating th*" influence of science in the 
vast field of industry involved. That influence has 
been more marked in the direction of improvement 
and adaptation rather than of new and striking dis¬ 
covery. In some cases, however, scientific principles 
have been applied to the fundamental processes of 
oil production, with the result that substances at one 
time ignored aa valueless have become the source of 
products now regarded as indispensable, while the / 
science of geology has rendered inestimable service in , 
locating and surveying sources of mineral oil; indeed, 

B 2 
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a knowledge of economic geology ia essential to all 
mining engineers. 

The world’s output of petroleum before the war was 
probably not far short of 360,000,000 barrels of 42 
gallons, of which about two-thirds were produced in 
the United States. Dame Nature seems anxious to 
get rid of it ae if it were the offensive exudation of a 
deep-seated abscess. If nothing could be profitably 
extracted from it we might well wish it to remain in 
the bowels of the earth, counting it nothing but a 
nuisance when it came to the surface. Science can 
at least claim to have made it useful, seeing that by 
the process of fractional distillation this disagreeable 
natural substance can be made to yield in enormous 
quantities such valuable products as illuminating gas, 
motor spirit, cleaning spirit, kerosene or lamp oil, 
paraffin wax, vaseline, and a viscid residue used as 
fuel. The crude petroleum itself would be useless for 
any of the purposes to which its derivatives are 
applied, mainly on account of its highly volatile 
constituents, which are a source of danger in transport 
and storage, owing to the inflammable nature of the 
vapour arising from it. The crude oil ia conveyed by 
pipe lines, in some cases over a distance of sevend 
hundred miles, to the refinery, where it ia distilled into 
temperature fractions. The lighter fractions are 
purified by washing with sulphuric acid, alkali and 
water ; while sulphur, when it occurs in objectionable 
quantity, must be removed by means of copper oxide. 
Among the higher fractions lubricating oil is purified 
by filtration through animal charcoal. 

The lightest fraction, cymogene, which requires 
[[q)ecud cooling and pressure for its condensation, is 
uW in ice-making machines. Other fractions 
obtained are rhigolene, the illuminant used in the pen¬ 
tane standard lamp, and as alocal anaesthetic in surgery^ 
gasolene, employ^ for the carburation of water gas 
for illuminating purposes, for making “ air gas,” and 
as a solvent; ligroin, also a solvent; benzine or petrol, 
which supplies us with motor spirit; and kerosene or 
lamp oil. Among other products may be mentioned 
parafiSn wax, whch, with an admixture of steario 
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acid, is used for the manufacture of candles, solar oils, 
various grades of lubricants, and vaseline. The 
quantity of lighter fractions can be increased if 
desired by the “ cracking ” of the more complex 
bodies. 

Astatki, the residue from the distillation of Russian 
petrolomn, yields, on distillation, an excellent illumi¬ 
nating gas, besides quantities of benzol, toluol, 
naphthalene, anthracene, and pitch. 

The shale oil industry, founded by James Young, 
of Kelly, in 1851, which produces valuable quantities 
of illuminatmg and lubricating oils, ammonia, and 
paraffin wax, deponds in a similar manner on scientific 
operations. 

Wo claim less for science in the extraction of 
animal and vegetable oils, which has been 
practised sinco time immemorial, but must place to 
the credit side of the account the responsibility for the 
differentiation and clossification of such oils, the 
selection of their most useful applications, with 
methods of puiification and of analysis and vtduation. 

Vegetable oils, such as linseed oil—a so-called 
drying oil—and turpentine are used as vehicles in the 
manufacture of paints and oil varnishes. The paint 
industry has derived great benefit from science in the 
discovery and application of new pigments, and in the 
improvement of the older methods of making pig¬ 
ments. Turpentine is the starting material for the 
manufacture of artificial camphor, a synthesis that is 
a credit to organic chemistry, and although the 
artificial product cannot as yet be made to compete 
with the natural substance, it renders good service 
in keeping down the price of natural camphor, of which 
the production is practically monopolised by t^ 
Japanese. Other vegetable oils, such as olive oil, 
rape oil, maize oil, and castor oil, ore emplojred as 
lubricants, whilst some are good illuminating oils. 

The essential oils, of whicl^ oil of turpentine is an 
example, are vegetable oils used in many oaees as 
perfumes. There ore three methods of winning the 
essential oils: (1) by distillation with steam; (2) by 
pressure of the plant substance and (3) by extraction 
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with suitable solvents. Science has entered largely 
into the essential oil industry by finding the con¬ 
stitution of many of the odoriferous principles, which 
have afterwards been successfully made in the labora¬ 
tory from simple materials. In some cases, where the 
actual substances have not been made, very olosa 
imitations have successfully competed with the 
natural products. Examples of the first are terpinol, 
which is the important constituentof Lily of the Valley, 
and coumarin. New Mown Hay and Jockey Club; 
whilst in the second class we have such substances as 
ionone and nitrobenzene substitutes for essence of 
violets and oil of bitter almonds respectively. 

SOAP AND CANDLTIS. 

The soap and candle industries must now be 
regarded as offshoots of the oil industries. Their origin 
is remote, but it was not until 1813, when Chevreul 
published his remarkable researches on the composi¬ 
tion of oils and fats, that anything was Icnown of the 
true nature of the processes involved in their manu¬ 
facture. Nowadays the chemist should be in para¬ 
mount control of their production. The recovery of 
glycerine, which at one time flowed into our rivers 
and streams as a waste product, was a scientific 
achievement of far-reaching importance, as we have 
indicated in our remarks on explosives, while its use 
in medicine is considerable. Incidentally we may 
mention also that glycerine, mixed with water, 
prevents evaporation and freezing, and this property 
finds application in the mechanism of gas meters. 

Both animal and vegetable oils are used in the 
manufacture of .soap and candles. When fats and oils 
—such as tallow, palm oil, olive oil—are boiled in large 
east iron pans with caustic alkali, they become decom¬ 
posed and yield an alkaline salt of the fatty acid—soap 
and glycerine. The excess of alkali and the glycerine 
are separated by the addition of a solution of common 
salt; the soap, being insoluble In the brine, rises to the 
top, and is la^ed out as a granular curdy mass, run 
oft into frames—boxes—to cool and solidify. Hard 
soaps, such as curd and yellow soap, are compounds 
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with soda, consisting of about 26 per cent, of water, 
7 per cent, of soda, and 66 per cent, of fatty acids, 
with, in the case of yellow soap, a small percentage 
of rosin. Soft soaps are compounds with potash, or 
potash and soda, with fatty acids derived from drying 
oils, such as whale and seal oils, linseed, &c. With 
regard to the water content of hard soap it has been 
nunourod that, since soaps containing as much as 
90 per cent, of water have been encountered, it 
appears to be the aim of some soap makers to cause 
water to stand upright. 

CANDLISS. 

The old tallow dips, prepared by dipping a wick 
repeatedly into melted tallow, gave rise, on burning, 
to a pungent substance called acrolein, produced by 
the decomposition of the glycerine combined in the 
tallow. Modem candles are without this disadvan¬ 
tage, as they contain no glycerine, the free fatty acids 
from which they are made being liberated from the 
fat either by the hydrolytic action of sulphuric acid, 
or by precipitation of the lime salt and its subsequent 
decomposition with sulphuric acid. The fatty acid— 
e.g., stearic or palmitic acid—so prepared is melted and 
cast round about wicks in moulds of pewter or tin, or 
sometimes of glass, supported in a wooden frame, the 
upper part forming a trough. The wicks are arranged 
taut, the wax is poured in, cooled with water to solidi¬ 
fication, and removed as candles. All sorts of waste 
fats, such as those from wool washing and glue making, 
are used for making candles, the free acid being 
extracted by treating the fat with sulphuric acid. 

These industries furnish examples of the utilisation 
of waste products. The soap used for cleansing 
purposes in yam mills is recovered by precipitating 
the soap from waste liquids with lime, and pressing 
the precipitate into briquettes, from which sufficient 
gas can be Obtained by distillation to light the mills. 
Efiorts are at the present time being made to recover 
fat from sewage, mainly for the sake of the glyoerihe 
content. 




£8 


WHAT INDUSTBY OWES 


EDIBLE FATS. 

The invention of butter substitutes, now popularised 
by prevailing conditions and the need for the exercise 
of economy, is due to the chemist. These substances 
are commonly made by mixing intimately a solid 
animal fat, such as stearin, with some vegetable oil, 
such as cotton seed or cocoanut oil, and milk. The 
use of solid animal oil for this purpose absorbs some 
of the raw material formerly available to the soap 
maker, but the deficiency has been made good by the 
conversion of the plentiful supply of vegetable oils, 
such as olive oil, into solid fats by hydrogenation in 
the presence of finely divided nickel, to which we 
referred in dealing with that metal. 
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Chapter VI. 

LEATHER. 

Up to the cIoro of the eighteenth century the 
progreBs of industry was slow but sure, much of it 
based undoubtedly on the workinga of great minds 
and patient inventive genius, and much again on 
chance discovery; but the nineteenth century 
marked an epoch of development, definitely hastened 
by the advance made simultaneously in mechanical, 
physical, chemical, and biological science. Yet when 
we consider all that was done in ancient times, for 
example, in the winning of metals, in the dyeing of 
fabrics, in agriculture and the domestic arts, we 
are forced to marvel at the vast amomit of knowledge 
and experience, commonly referred to as empiricism, 
accumulated for centuries before the advent of 
modern science. We are also convinced that there 
is no finality in the matter, and that what appears 
to be ideal to-day will bo improved upon to-morrow 
or the day after. 

An ancient industry is the manufacture of leather, 
which had seemingly reached the highest degree 
of efficiency centuries ago if one may judge by exist¬ 
ing specimens. To the modem chemist, however, the 
subject is open to further investigation, involving 
problems directed to the speeding up of production 
and decrease of cost without diminishing the quality— 
aims not easily attained, as many have learned from 
personal experience. In fact, one of our leading 
authorities has recently expressed the opinion that 
the science of tins important industry is but in ita 
infancy. We are reassured, however, by the statement 
that the work of Professor H. R. Itacter and the 
Leather Department of the University of I,eeds, was 
lai^ly the factor which rendered it possible for the. 



60 


WHAT INDUSTRY OWES 


nation to supply the enormously increased demand 
for the military equipment of the Allied Armies, 
including boots, belts, leggings, saddlery, traces, 
dressed sheep skins, and numerous minor require¬ 
ments, besid(‘s the driving belts of the munition 
factories. With such a demand to meet, the price 
for the time being of leatiier for furniture, port¬ 
manteaux, gloves, book-binding, and parchment is 
naturally high. 

The processes whereby raw bides are converted 
into useful and durable materials by treatment with 
various HolutioTLs of substances of animal, vegetable 
and sometimes mineral origin, art) distinctly chemical 
and biological. They aro investigated and explained 
by research, and modified and superseded by better 
processes, so far as the increase of knowledge admits, 
while accidental impurities of a harmful nature in 
the liquors employed can be traced and their presence 
avoided. 

Tile hydrochloric acid waslung given to hides 
that have boon unhaired by bra'^, to free them from 
that substance, is clearly an operation of a scientific 
nature, and is also tin; chemical investigation of the 
W'ater supply, the quality of the water being important. 
The Rcionco of bacteriology has rendered invaluable 
a.sHistanoB in furtliering our knowledge of puoring— 
the process of softening hides prior to tanning. 
The changes involved in the old process of treating 
the unliaired and washed hides with an infusion of 
dog-dung have been invcvsiigatod very thoroughly by 
scientific methods, and have been shown to be the 
result of bacterial action. Patents, founded on this 
knowledge, have been taken out for the use of 
artificial cultures of bacteria instead of the obnoxious 
infusion referred to. Some of these methods give 
excellent results, and would doubtless bo more gener¬ 
ally adopted were it not for the conservatism of the 
workman and his dislike of the trouble necessitated 
by a change of procedure. 

The oldest method of treating skin and hide for 
the purpose of preservation in a floxiblo state, which 
consisted in kneading with fatty substances, is of 
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historic interest only, though chamois leather is 
still prepared with oil. Next in chronological order 
comes vegetable tanning, still very extensively used, 
the tanning liquor being an infusion of some bark, 
e.f/., of oak or willow. Up to the end of the eighteenth 
century the prepared hides were simply soaked in a 
strong infusion of the tan, but about that time Seguin, 
a Froncihman, introduced a method for soaking the 
hides successively in tail liquor, or ooze, of increasing 
strength, the untaniied hide going first into the 
weakest, the complchdy tanned niatcriul being taken 
from the strongest liquor. By this means thorough 
pennoation by the tail liquor was onHiu*ed, and the 
quality of leather considerably improved. This 
method was patented in England by William Desmond 
in 1795. 

Sir Htimphry Davy investigated the process of 
tanning with useful results, indicating the nature 
of the action between tlie hide and the tanning 
material, but only recently has science obtained a 
hearing in the industry. 'I’liu reason for this is not 
far to seek; the changes involved in tanning are 
exceedingly complex in character, and depend to a 
largo (extent upon the proptTties of substances in a 
colloidal condition. Exatnjiles of this state are to 
bo found in solutions of gelatine and starch having 
properties different from ordinary solutions, such 
as that of setting with the formation of a jelly. 
The scientific study of the colloidal state is now being 
more vigorously pursued, and as our knowledge 
of it increases wo may expect further advances in 
the leather industry. 

Minora! tannages, of which alum was tho first 
known, are also of interest. Tho tawing ” solution 
contains alum and conunon salt, tho latter serving to 
counteract tho swelling of tho hide produced by the 
free acid in tho alum solution. Saits of tho metals 
iron and chromium, chemically similar to aluminium, 
have been used for tanning, and although iron salts 
have no application as tannages at the present time, 
chrome tanning is a very important industry, founded 
and reared upon scientific knowledge. Many patents 
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have been taken ont, including thoee by Knapp in 
1858, by J. W.—later Sir J. W.—Swan, by Hein- 
zorling in 1879 (the fiiist coniraorcially Buccessful 
proceiis introduced into England) and that by 
AuguBtuB Schultz, a New York dye works chemist, in 
1884. Valuable scientific work has also been done in 
this branch by Eitner and by Procter. A soft and 
durable leather can bo produced which will fix an acid 
dye without a mordant. 

Leather cloth substitutes for leather, used for 
covering furniture, for bookbinding, stationery cases, 
pocket books, and many other usofid articles, aro 
also produced under scientific Bupervi,sion. This 
industry, however, with that of liiioloum and similar 
material, might luive boon dealt with as branches of 
the oil industry had we attempted to deal more 
comprehensively with that subject. 

Apart from skins and hides tliere are other products 
of the slaughter-house, such as horn, blood, liair and 
bristles, waste wool and the like, from which valuable 
chemicals such as cyanide are produced. Glue, too, 
is made from the ehippings of hides, horns and hoofs, 
which are washed in limo-watcr, boiled, skimmed, 
strained, evaporated, cooled in moulds, cut into 
convenient pieces and dried on ntits. Tlio processes 
are nowadays supervised by trained chemists. 
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Chapter Vl[. 
liVBBlZn. 

Rubber, formerly eominouly CtilKd caoutchouc, 
was originally imported from French Guiana. It 
was obtained from tho Siphonia eladicay and 
from Brazil, from tho Siphonia or Hcoea Brazilien- 
sisy lulea and brcviJoUay through the port of Para, 
and later from the ficua clnstica, or india-rubber 
tree. It was first brought to Europe in the earlj' 
part of the eighteenth century, but it was many 
years before its usefulness was realised. Priestley, 
the discoverer of oxygen, suggested its use for re¬ 
moving pencil marks and, in 1791, Samuel Piat 
obtained a patent for making waterproof fabrics by 
dissolving caoutchouc in spirits of turpentine. 
Hancock, in 1823, and Macintosli followed on similar 
lines, but the invention of the vuloaniBing process by 
Charles Goodyear, wheix^by the addition of sulphur 
gave it the consistency of iiorn, marked the starting 
point of still greater dovelopmonts. 

The rubber industry has recognised the importance 
of scientific control, by botanists and chemists, in 
planting, cultivation and tapping, with consequfent 
increased yields. Chemists examine the latex, and 
supervise its drying and preparation for use. The 
variability of tensile strength is largely dependent on 
the size of the globules in the latex, which is valued 
accordingly. No standards of purity have been 
established, but fine Para is generally considered 
superior to other varieties. 

For nearly sixty years chemists of all countriM 
have devoted much time and labour to its synth^ic 
production in the laboratory. In 1860 Greville 
WilHamfi isolated a compound, which he called 
isoprene, from the producte of the distillation of 
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natural rubber. Nineteen years later, Bouehardat 
Bhoweel timt u substance very closely resembling 
rubber could be reproduced from isoprono by tlie 
action of strong hydrochloric acid, and that by the 
action of hont alone isoprene yielded turpentine. 
The work of the Frencli chcinist was confirmed, in 
ISiit, by Proh'ssor—now Sir William 'Pilden, who 
suggested a fonnula for isoprene, which Kubse({ucntly 
proved to oorrecl, and also obiaiiK'd isoprene from 
turpentine, Jaiter, tla^sc res(‘archcs fornu-d th(' basis 
on which the synthotict nibber industry was foumied, 
though Oerman chemists, who have also done good 
work in this field of investigation, lay claim to having 
established priiK-ijiles the credit for which was clearly 
not due to th<‘m. Among otluT British chemis(.a who 
have contriluitcd to th(5 investigations on the subject 
may bo nuaitionod Profc’ssnr W. H. Perkin, Dr. 
Strange, and Dr. P. hi. Matthews. Two ch(anically 
different rubbers’ are produced ; isoprcne'Caoutc^hnuc 
and butadiene-caoutchouc. 'I'he raw materials, 
isoprene and butadiene, are obtained from a v’urioty 
of substances, including turpentine, isopemtano {from 
the rhigolenc! fraction of Am(Ti{‘.an petroleum), coal 
tar (the material from this source being para-cresol, 
one of the liomologues of carbolic acid), starch and 
cellulose. The raw material is converted into 
caoutchouc by methods, involving (i.) pfilymerisation, 
by heating under pressure with a suitable substance 
Buqh as acetic acid, and (ii.) polymerisation, by the 
action of sodium. The latter method, discovered 
almost simultaneously by E. Matthews in England 
and Harries in Germany, i-i the more convenient 
and gives the greater yield, although the resulting 
product does not vulcanise so well as that from the 
former method. Ail this is })rogrcHfi. As in tht> case 
of indigo, science, if succc'ssful, will help one form of 
industry to the detriment of another; tho scientific 
work on the plantations tends constantly to increased 
yields and economical working, and tho artificial 
yubber has not as yet displaced the natural either in 
properties or in cost of production. 
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CiTAI'TKIt Vlll. 

MORTAL AND CEMENT. 

Thk tsimplt'Kl and most anciont tiarnenlitious 
material is mud, whicli is still used, reinforced by 
sticks and grass, by Afri(;an nutivt's in tliu confltruo- 
iion of their Imts. Ordinary mortar is made of 
water, lime, and suml inlinuitely mixed together. 
iScienco ha^ shown that tlv're i.s nc> ehoiiiieal union 
between the lime and sand ; that the sand acts 
simply as a diluent, previnitJng iind\io shrinkage, 
whieli occurs when Umo is us(‘d alone ; that the st'tting 
is due to loss of \vat(T, and that the liardening is 
caused by th(5 gradual formation ot interlacing 
crystals of calcium carbonate, wiiioli eff<>,ctively bind 
the material into a coherent mass. 

Long before these facts had been establishod, 
experience had proved that a ])uro or “ fat ” limo 
produced a better mortar than an impure lime. In 
tho case of hydraulic* mortars and cemimts, however, 
the knowledge of thoir structure and action was 
indefinite until 1887, when the researches of Le 
Chatelier were published, though a fairly systematic 
investigation of the nature of hydraulic mortar or 
rather of tho hydraulic limestones employed in its 
manufacture, was made about tho year 1756 by 
Smoaton, whilst searching for tho most suitable 
binding material for the foundations of the Eddystone 
Lighthouse, which he had been commissioned to 
rebuild. He consulted hia friend Cookworthy, a 
chemist, who instructed him in tho analysis of lime¬ 
stones, and ho found tliat clay was an essential 
constituent of a hydraulic limestone, the poor lime 
obtained on burning it being far superior to fat lime 
for making mortar intended to withstand exposure 
to water. 
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Cements are made by boating in a furnace an 
intimate mixture of limestone or chalk and clay to a 
temperature at which ciinkering takes place. The 
product is broken up, finely ground, and put upon the 
market as cement. “ Roman ” cement was first mad(! 
by James Parker in 1796, by Iicating argillaceous limc- 
Btone containing, already mixed, the two necessary 
ingredients. The inanufaetui’e of Portland cement 
was founded on attempts to imitate Roman cement, 
using a mixture of lime and clay instead of the 
argillaceous limestone. Nothing was understood 
of the why and the wherefore of the process, and 
often tho best part of the product wa,s rejected in 
the unslakeabie portions. Chemical action in tlio 
furnace was unthought of, and e\'en wlien it was 
evident to scientifie men and duly published, con¬ 
siderable time elap.sod before the manufacturers 
took advantage of the efforts of science towards the 
furtherance of their industry. It is now known 
that chemical action between the lime and tho clay 
in the furnace cffccits tho fornialion of silicate and 
ahiminatc of calcuun. When the cement is treated 
with water, those coinpounds are decomposed with 
the production of .slaked lime, and the acids derived 
from silica and alumina. Tiicse substances again 
interact, with the formation of the hydrated silicates 
and aluminates as interlacing crystals, giving tenacity 
to the preparation, with tho result that first sotting 
and subsequently hardening take place, these 
phenomena being merely stages in one process. 
Thus the researches of chemists have established 
facts which have been most serviceable to the cement 
maker in increasing tho efficiency of his product 
through the choice and treatment of the best 
materials. 

We owe more than this, however, to the Btudy 
of the chemistry of cement. It remained for chemists 
to show the dangerous effect of certain impurities, 
such as magnesia, in excess, and sulpliates, on the 
resistance of cement to tho attack of water. • Such 
substances must bo carefully excluded within well- 
defined limits. When cement is used to make 
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concrete foundations exposed to sea water, tho mass 
must be either very compact and impervious, or 
bo covered with an impenetrable etono facing, for 
the reason that soa water contains sulphates and 
salts of magnesium in plenty, and, consequently, 
if penetration by tho water takes place, the cement 
decomposes and the life of the structure is corres* 
pondingly shortened. 

It is obvious that for such a substance, on which 
the stability of costly buildings and structures so 
largely depends, tho provision of a dofinito standard 
specification became a necessity. Tho British 
Standard Specification was formulated in 1904 by a 
sub'Committee, appointed by the Engineering 
Standards Committee, including engineers and con¬ 
tractors, chornistfl, architects, manufacturers, and 
representatives of official bodies using large quan¬ 
tities of Portland cement for public worlds. The 
specification provided for botli chemical and mechani¬ 
cal tests, and, altliough subsequently modified in 
the direction of improving the quality of the oemont 
supplied under the spocification, remains essentially 
the same to-day—a definitely scientific safeguard 
accepted alike by producers and users. 

We havo indicated how the explanation of scientific 
phenomena tends to improvement in manufacture, 
and it is interesting to note that a reason has been 
advanced for the use of straw in the maldng of bricks 
by the Israelites. It is not a suitable binding material, 
but Acheson lias shown that clay is rendered more 
plastic by the addition of tannin, and that an extract 
obtained by soaking straw in water produces the 
same effect. The Israelites complained, therefore, 
of the hardship of working with less suitable materials, 
while they had to produce the same tale of brioks. 
Possibly the use of grass assists in the same way th© 
African natives in making their mud huts. 


r 
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Chaptek IX. 

REFRACTORY MATERIALS. 

A MATERIAL IS teniied refraclory when it resists 
the ordinary treatment to wliich materials of its 
class are subjected; it may be a mineral which does 
not yield readily to the hammer, or an ore not easily 
reduced. In recent times, however, the term has 
become specially associated with substances that will 
resist economically the temperature of a furnace, and 
the corrosive action of other substances with which 
they come into contact. Refractoriness may, there¬ 
fore, be a vice or a virtue, according to circumstances, 
and a given material may bo refractory in one process, 
but break down easily if employed in another. 

The increased demand for refractory materials during 
the war, particularly in the manufacture of steel and 
glass, has shown the need for further scientific investi¬ 
gation. Experiment on the large scale is costly, 
especially if carried out in an unscientific manner. 
The help of chemists is therefore essential in deter¬ 
mining the composition and the chemical and physical 
properties of such substances, having in view the 
purposes to which they are to be applied. The 
work is not confined tg the investigation of known 
refractories, but is extended to the discovery and 
utilisation of new refractories to cope with the con¬ 
ditions created by their employment in high tempera¬ 
ture furnaces. 

Having selected a suitable material, from the 
chemical point of view, it is necessary to ascertain 
whether it will withstand, without shrinkage, fusion 
or softening—and consequent deformation—the 
temperature required for the desired reaction. The 
refractory that will last for ever has yet to be found, 
but that with the longest life is the most economical, 
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provided the saving effected by the increased length 
of life—renewals being leas frequently required—• 
plus the saving of time and labour, in more continuous 
ruiining of the furnace, is proportionate to any 
additional cost. The subject has long been treated 
more or less scientifically, the older refractories 
being classified into acid, basic, and neutral materials. 
As examples of the acid class wo have fire-clays, such 
a.s ganister, the higliJy siliceous material used for 
lining acid Bessemer converters ; in the basic class, 
such substances as lime, magnesia, and calcined 
dolomite ; while among the neutral refractories we 
may include gas carbon and graphito. These mate¬ 
rials liave proved eminently suitable for some pur¬ 
poses, but with the use of the electric furnace we 
require substances still more refractory, and in recent 
years science has provided a number of them. 

Carborundum, the extremely hard and refractory 
carbide of silicon, was first made in 1891 by Acheson, 
who obtained it by heating graphite with sand in the 
electric furnace, and it is now employed as a refractory 
lining for such furnaces, besides being useful as an 
abrasive. It has also been incorporated with coment 
to give grip to surfaces, as on staircases subjected to 
considerable wear. Other modem refractories are 
alundum—fused aluminium oxide—silicon, fused 
silica, zirconia, and artificially made graphito. Cru¬ 
cibles of graphite, intimately mixed with sufficient 
clay to give the mixture coherence, are far preferable 
for many purposes, and much more durable than those 
made of clay alone. 
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ClIAPTEK X. 

GLASS AND ENAMELS. 

The manufacture of glass dates from the first 
period of Egyptian hi.story. Egypt, the instructor 
of the world in so many arts, possessed in very early 
times craftsmen skilled in making, blowing, colour¬ 
ing and cutting tlu.s most remarkable and u.s«ful 
material. The industry survived tlu'ough the vicis¬ 
situdes of the coimtry imtil the time of Tiberius 
(a.d. 14-41), who brought Egyptian glass workers to 
Rome, whore the art flourished until the decline of the 
empire, during which the principal centre of manu¬ 
facture was transferred to Byzantium. The value 
attached to glass by the ancients i.s indicated by the 
circumstance that the industry was always supported 
and encouraged by the most powerful and influential 
rulers, migrating with their power from one country 
to another. However, at the time of the fall of 
Constantinople it liad become established in various 
centres, of which the chief was Venice, where it soon 
attained such proportions as to give occupation to 
over 8000 persons. 

In the Middle Ages the industry was developed in 
Germany and Bohemia, especially in the latter country, 
which, owing to the native supply of pure quartz, 
ultimately superseded V enice as the source of the finest 
glass. Inl870 glass making gave employment to 30,000 
workers in Bohemia. The invention of glass mirrors 
has been attributed to the Germans, the original 
method being to back the glass with polished metal. 
Glass was first used for windows in England about 
the end of the eleventh century, and was made here 
in the fifteenth, but with little success until about 
1667, when French artisans were employed in London. 
In 1G70 Venetian workers were brought over to make 
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the heavier and finer kinds, and in 1771 the industry 
became more firmly ost.abUshed by the formation of 
the British Plate Glass Company, whose succoMors 
are still in existence at St. Helens. 

The scientific study of glass was first made on the 
physical side, its transparency, permanence, and the 
absence of crystalline structure with consequent 
birefringence, (loinbining to render it an almost ideal 
material for the construction of the essential parts of 
optical instruments. In fact, the science of optics, 
with its manifold applications to spectacles, micro¬ 
scopes, teleecopes and spectroscopes, owes its exist- 
eneo to our possession of glass. The first investiga¬ 
tions in tlw cht;mistry of the subject were made with 
a view to the improvement and better adaptation of 
glass to optical purposes. Up to 1829 the only 
varieties of optical glass were soda-lime or crown 
glass, potash-lime or Bohemian glass, and potash-lead 
or flint gloss, also luiown as crystal or strass, th^ 
being made from mixtures of the silicates of the 
metals indicated. Before that year Fraunliofer and 
Guinand had made experiments modifying the com¬ 
position of crown and flint glasses, and iiod produced 
compound lenses with a fair approach to achro¬ 
matism. In 1829, however, Dobereiner produced 
glasses containing barium and strontium, metals 
closely allied to calcium, the metal contained in lime, 
and in 1834 Harcourt, in England, commenced a long 
series of researches on the production of new glasses, 
which—although the positive results obtained were 
of small value—established principles subsequently 
turned to good account in the manufacture of special 
kinds for thermometers, laboratory apparatus, lamp 
chimneys, optical instruments, and many other 
important articles. The next advance, an epoch- 
making one, was begun about 1880, when Schott, a 
trained chemist, the son of a Westphalian glsiss maker, 
was encouraged by Abb6 to search for new and 
hotter optical glass. His knowledge of mineralogy 
served him well, for instead of proceeding laboriously 
along the lines of methodical research, he took almost 
a direct road to the desired goal, producing glass con- 
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tsining boric and phosphoric oxides with alumina and 
baryta. Microscopes designed for these new glasses 
proved perfectly achromatic, and in every way 
superior to the older kinds ; and this striking advance 
has doubtless contributed enormously to the useful¬ 
ness of the microscope, and of the microscope to 
industry generally. 

Schott next turned his attention to the solution of 
the problems of thermal expansion and volume tem¬ 
perature hysteresis of glass. Owing to its low thermal 
conductivity it is important that glass intended to 
withstand sudden changes of temperature should 
have a thermal expansion as slight as possible, in 
order to hold against the strain set up by unequal 
tempcratmx) changes, and bo that the risk of cracking 
may be minimised within reasonable limits; the 
range of temperature change varying inversely as the 
thermal expansion. Piusuing his investigations, 
Schott produced borosilicate glasses with exceed¬ 
ingly low coefficients of expansion, and capable of 
resisting a sudden temperature change of over 190 
deg. Cent., whereas the ordinary Bohemian glass 
would scarcely witlistand a cliange of much over 90 
deg. The borosilicate glasses have therefore been of 
service for the construction of incandescence gas 
chimneys, and also of apparatus for laboratory use ; 
their slight solubility in chemical reagents constitut¬ 
ing an additional advantage. 

When a thermometer mode of ordinary glass is heated 
to a temperature much above that of the air the glass 
bulb, on cooling, does not return immediately to its 
original volume, and may take months or even years 
to do so. Consequently if the bulb, before it hw re¬ 
gained its original volume, is surrounded by melting 
ice, the thermometer will not register the true melting 
point, but a point, varying with the thermometer, from 
0.6 to 1 deg. Cent, below the correct temperature; 
and lower temperatures in general will not be regis¬ 
tered correctly until the bulb has regained its original 
volume. This defect was largely overcome by the 
results obtained by Schott, whose Jena normal glass 
16"* and .Jena borosilicate glass 69***, when used for 
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thermometers, show ^.g^Q depression of only about 
0.06 deg. Cent, after hes' ^jj^g joO deg. Cent. Owing 
to their infiisibility, glas:^es of this type can also be 
Tisod for nitrogen-fillod thet registering up 

to about 576 deg. Cent. 

The li.st of now and useful scl ientific products might 
be much further extended if we ^^wore to deal with the 
.subject more thoroughly, but it woulu w^.e.r^arded as 
an oversight if we omitted to mention fusoo' 
gloss, a comparatively recent invention. From pure 
quartz worked in tho oxy-hydrogen flame excellent 
gloss is produced, liaving tho property of withstanding 
a sudden change of tomporoturo of over 1000 deg. 
Cent. Being highly resistant to chemical action, it 
useful in the laboratory for many purposes for 
which platinum was formerly employed. 

Until the outbreak of war tho production of glass¬ 
ware for use in elwimical investigations was almost 
exclusively in tho hands of Germany and Austria. 
Stocks wore becoming speedily exhausted and the 
position would have become serious for many impor¬ 
tant industries if British chemists had not promptly 
taken the matter in hand. They had not merely to 
imitate glasses previously imported, but to find 
substitutes for certain ingredients of batch mixtures, 
notably potash, for which also wo had hitherto been 
dependent on Germany and of which supplies were 
running low. The work of Professor Herbert Jackson*, 
in conjunction with the Glass Research Committee of 
the Institute of Chemistry, was especially successful, 
and, with the co-operation of a number of well-known 
firms, laboratory vessels, such as beakers and flasks, 
and all ordinary forms of apparatus are now produced 
in this country, having qualities in some respects 
sxiperior to those of enemy origin. In some cases, 
perhaps, the products have not quite the same finish 
as those of the experienced German workers, but we 
are convinced that the defects are not radical, and 
that given time, the British makers will not only equd, 
but excel the German in both quahty and technique. 


• Now Sir Herbert Jackson, K.B.E. 
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In oddition to the needs of the laboratory, many other 
kinds of glass were requi"'*'!’ ‘‘"'i the work was 
extended to the investigati'^n of over forty varieties 
for which formulas have ’of" Buppliod to approved 
firms. With shortage o" 'oficmr and other economio 
difficulties, firms have' '“dertaken with remarkable 
energy new branches, of .work which it is hoped the.v 
will be able tn •'^rain, in the future, m the face of 
__ coition from our quondam enemies. 

Yet another problem has been successfully tackled 
by Professor Jackson for the Ministry of Munitions, 
viz., the treatment of clay used for making vessels 
employed in gla.ss production. 

For the production of optical glass essential to the 
services, we, fortunately, had well-established manu¬ 
facturers, by whoso praiseworthy endeavours the 
output has been sufficient to cope with the greatly 
increased demand. Professor Jackson has supplied 
formulas for batch mixtures for several important 
varieties not liitherto made in tliis country. The 
difficulty of securing supplies of suitable sand had 
also to be faced, and our mineralogists and chemists 
devoted attention to tliis question, with satisfactory 
results, the report of Dr. Boswell, of the Imperial 
College of Science and Technology, indicates that wo 
possess natural resources which can be utilised by our 
manufacturers to their advantage. Research work 
on refractories and electric furnace methods is also 


in progress at the National Physical Laboratory. 

In the course of time an enterprising firm, with the 
aid of chemists and from indigenous sources, produced 
supplies of potash of high quality in sufficient bulk 
for the imperative requirements of glass makers, and 
this factor was of no small consequence, since it is 
admitted that for certain glasses potash is practically 
indispensable. 

From the foregoing, it is evident that in spite of 
the antiquity of the industry, and the fact that good 
glasses for ordinary and ornamental purposes were 
produced independently of modern science, many 
special glasses owe their origin entirely to scientific 
investigation. It is not too much to say that on the 
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poaseBsion of such glasses in time of war may depend 
the fate of many a good ship and many a good man. 
Who can say, then, liow great is the debt of the 
Industry to science and of the country to both T 

ISNAMELS. 

The art of enamelling is of remote origin. We 
have already referred to its application to pottery by 
the Ohinoao. It was practised also by the Egyptians 
and Etruscans, passing in the course of time to the 
Greeks and Romans ; but we propose to deal more 
particularly with the enamelling of metals, which 
appears to have been invented in Western Asia 
and to have traversed Europe in the early centuries 
of tho Christian era. The liistory of the subject is 
of absorbing interest to those who regard it as an art, 
and much may be gleaned from BushoH’s work on 
“ Ohinoso Art,” published by the Board of Education. 
The Chine.se give the credit for its discovery to 
Constantinople ; the similarity between the methods 
of the Chinese and the Byzantine enamellers is hold 
to support this opinion. We are concerned here, how* 
over, with tho utilitarian rather than the artistic 
applications of enamels. Wo use them in the manu¬ 
facture of badges, watch and clock faces, and on 
surfaces exposed to weather (advertisements), on the 
blades of exhaust fans, on baths and domestic utensils, 
and on vessels employed in chemical industry. 

An ordinary enamel may bo prepared from common 
glass fused with load oxide, and rendered opaque by the 
addition of oxide of tin. Colours may be produced 
by the addition of other metallic oxides. Thus, from 
copper we obtain green ; from iron or gold, red, and 
from cobalt, blue. Small quantities of manganese 
dioxide give us a fine violet colour and larger quantities 
black. For the production of good colours, the 
purity of the raw materials is of the first importance, 
and the enamel maker looks, therefore, to the help 
of the chemist to ensure satisfactory results. If an 
enamel is to be pigmented with copper, the presence 
of this metal in the raw material will not be objection¬ 
able if its degree of oxidation is the same as that of the 



76 WHAT INDUSTRY OWES 


pigment used. If the enamel is to bo coloured green 
with cupric oxido and that substance is present in the 
lead oxido used, tlio impurity is of small consequence ; 
but if the enamel is to be coloured yellow with anti¬ 
mony oxido, the green produced by the copper 
impurity will spoil the effect. The pre.sonce of .small 
quantitie.s of ferric oxido in the lime will modify the 
green produced by copper oxide, and is undosirablo 
unless it be required to tone the green colour, when 
it can be added to materials originally free from this 
substanco. In any case, the quantity of impurity 
should bo estimated and due allowance mode for 
its effect. Much may depend on the method of 
preparation of the pigment. For instance, cupric 
oxide may bo prepared by roasting copper filings in 
air, but the product will not yield nearly such good 
colours as the oxide chemically prepared from pure 
copper; and again, the blue colour produced from 
commercial cobalt compounds is greatly inferior to 
that obtained from chemically prepared cobaltous 
silicate. 

Of the methods of preparing chemical and heat resist¬ 
ing enamel for industrial plant little is common Imow- 
ledgo. In some cases the coating consists of two 
layers, the first being devised to bind with the metal 
and act as intermediary between the metal and the 
finishing enamel. Having in view the uses to which 
such vessels are put, there is plenty of room for 
further investigation, particularly on the coefficients 
of expansion of various metals and alloys and the 
relation of such physical considerations to the 
composition of the enamels employed. The surface 
remains good until a craze appears, but once liquid 
gets to the metal the vessel begins to lose its coating. 
It is reassuring to know that chemical firms of long 
standing find British enamel ware, such as evaporating 
pans, at least as satisfactory as that from Germany, 
though our manufacturers, as is often the case with 
other commodities, liavc been less inclined to put 
themselves about to supply special requirements, for 
instance, with regard to the shapes and sizes of the 
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Chapter XI. 

POITEKY AND PORCELAIN. 

The manufacture of pottery is yet another industry 
which has boon handed down from very early times. 
Pliny attributed the craft, in which the Greeks and 
Etruscans excelled, to Corffibiis, an Athenian, but 
obviously it was of far greater antiquity, the potter 
being frequently referred to in ancient Egyptian 
records to symbolise the Creator of man. The 
earthenware of the Greeks and Romans was unglazed 
and porous, but they rendered their vessels impervious 
by covering them with wax, tallow and bitumen. 
The invention of porcelain is generally credited to 
the Chinese. It is mentioned in books of the Han 
dynasty, the earliest date suggested being about 
186 B.c. Its origin has been attributed to attempts 
mado to imitate glass imported from Syria and 
Egypt, and by some it is supposed to have been 
discovered accidentally by alchemists in their 
search for the philosopher’s stone. The industry 
was started in Japan before 27 B.c., and found 
its way from the Far East to Persia, where it is 
known as cAim, coming to us, in the course of time, 
through Arabia, Spain, Italy and Holland, the 
potteries of Lambeth being founded by men from 
Holland about 1640. Porcelain was made in France, at 
St. Cloud, towards the end of the seventeenth 
century, and in nearly all European countries in 
the eighteenth century. 

We can only marvel that such porcelain as, say, 
that of the Ming Dynasty (1368-1643), with all 
the technique involved in the selection of materials 
and its treatment, the craftsmanship, colouring and 
glazing, was produced before science, as we now use 
the term, had any voice in such matters. The 
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Chinese hard paste porcelain consisted of kaolin 
in a pure and very finely divided state, and petuntse 
(finely ground felspattuc stone); and the glaze was 
made from selected petuntse mixed with specially 
prepared lime. 

One of the first European makers of fine porcelain 
of whom wo have records was Botticher, a Saxon 
chemist who w'as placed in cliarge of ttie Meissen 
factory, established in 1710, ttie methods employed 
being kept secret. Pott, a Prus.sian chemist, en¬ 
deavoured to compote with him, and although Ids 
efforts wore not successful, his researches on materials 
likely to be useful in porcelain manufacture gained 
for the industry some helpful knowledge. About 
the middle of the eighteenth century 700 men were 
employed at Meissen, but in the meantime Stiilzel, 
who escaped from the factory about 1720, founded 
the Austrian industry at Vienna, where 500 men 
wore employed in 1785. Mention should also be 
made of the circumstance that William Cookworthy, 
chemist of Plymouth, to v'hom we have already 
referred in connection with cement, found kaolin 
at Tregonning, near Helston, and took out a patent 
in 1768, which ho worked at Plymouth for two or 
three years before establishing a factory at Bristol. 
Wo must admit that the claims of science so far were 
slender, and wo do not propose to pursue the history 
of the subject further; but science required for her 
own purpo.se3 porcolain resistant to chemical action, 
heat, and variations of temperature. The production 
of Royal Berlin basins and crucibles for the laboratory 
could only be secured by careful selection and 
utilisation of the most suitable materials and much 
painstaking experiment. Science examined the pro¬ 
cesses employed and explained the changes involved, 
while one notable achievement, viz., the discovery 
of means for measuring high temperatures, found 
direct application in the industry. The temperature 
of kilns is a factor of no little importance, and is 
usually determined by cones made of oxides of iron, 
aluminium, and silicon. The softening points of 
the cones are known with reasonable accuracy— a 
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Beriee of thirty-six allowing for the observation of 
sufficient range of temperature in porcelain burning. 
As the temperatures exceed 1000 deg. Cent, ordinary 
thermometric methods are not applicable. The 
series of cones could only bo constructed and stan¬ 
dardised with the aid of physical Bcience, which has 
provided Le Ohatelier's thermo-electric pyrometer, 
Callondar’B platinum resistance thomiometer and the 
FOry radiation pyrometer. Thoir use in the stan¬ 
dardisation of the cones, however, is, of course, 
insignificant compared with thoir use in metal¬ 
lurgical operations. 

For supplies of porcelain for laboratory pur¬ 
poses this country has hitherto boon mainly de- 
pondonf-, as in the case of glass, on Germany, Our 
chemists have taken the matter in hand, however, 
and nmiarkahle jaogrcss has beem mado by several 
lirilish manufact\irers. Research on the subject of 
hard porcelain is progressing, and there is good ground 
for hoping that this branch of the industry will be 
retained here in the future. 

The danger to workers of load oxide as a constituent 
of glazes for earthenware has also provided a problem 
for chemists. Tho ornploymont of lead silicates 
instead of oxide, as suggested by Thorpe and Sim- 
monds, is less harmful ; and tho lead glazes have 
been largely superseded in recent years by mixtures 
containing silica, alumina, potash, and soda, with 
about 10 per cent, of boric acid to increase the 
fusibility. Where lead is an essential constituent 
it is applied in the form of silicate. 
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Chafteb XII. 

CHEMICAL PRODUCTS. 

In our socond chapt.or we liavo di'alt with the 
heavy chemicals and alkalies, and we will proceed 
now to consider the production of other chemical 
substances of value in industry, or useful for 
domestic, medicinal, scientific, or other purposes. 
The importance of tliis branch is so wide and 
fundamental that it is not too much to say that 
indnstry as a whole is largely dependent on an 
adequate supply of chemical products. The field 
is so groat that we cannot attempt to indicate ail 
or nearly edl the substances coming under this head, 
but we will choose a few examples of different types, 
all rendered available by scientific methods. 

Acids .—Certain acids, such as tartaric, citric, 
lactic, oxalic, formic, salicylic, benzoic, acetic, 
hydrofluoric, boric, and arsenic acids are not prepared 
on a scale comparable with that of sulphuric, hydro¬ 
chloric, and nitric, but their value in technical 
operations and for other purposes warrants their 
industrial production in a condition more or less 
pure, according to circumstances. Tartaric and 
citric acids, from vegetable sources, and lactic acid 
of animal origin, are used in calico printing. The 
first is an ingredient of baking powders and eSer- 
vescing medicines, such as seidlitz powders, and 
the second is used in the production of 'summer 
beverages. Oxalic acid, which is prepared by heating 
sawdust with a mixture of caustic potash and soda 
in the presence of air, is also used in calico printing, 
and its acid salts are valuable as detergents, under 
the name of salts of sorrel or salts of lemon. Formic 
^id is useful in dyeing and tanning, and it is interest¬ 
ing to note that it was formerly obtained by distilling 
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red ants, but is now made by heating caustic soda 
with carbon monoxide under pressure. Salicylic 
acid, which is prepared from phenol, is used in the 
production of various drugs, of wliich aspirin is an 
example, and is employed as an antiseptic. Benzoic 
acid, from toluene, finds application in the manu¬ 
facture of dyes and as a preservative ; acetic acid 
in bleaching, dyeing, and calico printing, and in 
the manufacture of artificial vinegar. Hydrofluoric 
acid, wliich is obtained by the action of sulphuric 
acid on fluorspar, comes on the market as an aqueous 
solution in gutta-percha bottles, and is used for 
etciiing glass as well as for antiseptic purposes. 
Boric acid, from mineral sources, is valuable as a 
constituent of various kinds of glass, and is used as 
an antiseptic and a food preservative. Arsenic 
acid is employed in dyeing and in the preparation 
of certain aniline colours. 

Bases .—Among the common bases wo have caustic 
potash, caustic soda—with which we have already 
dealt—strontium hydroxide, and magnesia,—alkaline 
metallic oxides capable of neutralising acids with the 
production, by double docompoaition, of salts and 
water, the metals replacing the hydrogen in the 
acids. Caustic potash is prepared either by electro¬ 
lysis of the chloride or by the action of lime on a 
solution of potassium carbonate, that salt being 
obtained from the chloride by a modification of the 
Leblanc process or by a method identical in principle 
with the ammonia-soda process, in which trimethyl- 
amine—-of which something will be said later— 
takes the place of ammonia. For some purposes 
the cheaper base, caustic soda, is equal in efficiency 
to the more expensive but more powerful potash; 
but for others the latter is more oconomical—^for 
instance, in the production of oxalic acid from saw¬ 
dust on the large scale. When caustic soda alone 
is used, the yield of acid is not more tlian a third of 
that obtain^ by the use of caustic potash or of a 
mixture of potash and soda. On the other hand, 
in the analysis of flue gases, a valuable check on 
fuel economy, a soda solution of pyrogallic acid is 
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a very much more rapid and efficient absorbing 
reagent for oxygen tlian a potash solution of the 
same. Caustic potash decomposes most metallic 
salts, and at a high temperature acts with energy 
on many substances. It is employed in numerous 
industrial operations, and is ordinarily used for the 
manufacture of soft soap, in which it is combined 
with the fatty acids derived from the drying oils, 
such as linseed, whole, and seal oils. 

StronlJum hydroxide, prepared mainly from the 
mineral sulphate, is largely used in the extraction 
of the uncrystallisoble sugar from molasses. The 
native carbonate requires a liighor temperature for 
calcination to oxide than does calcium carbonate to 
lime. However, in certain sugar worlds, where fuel, 
including exhausted cane, is cheap, this process is 
used for the production of the material. 

The use of magnesia in the ammonia-soda process, 
and also as a refractory material, has already been 
mentioned. Con.sidoroble quantities are consumed 
in metiicino as an anti-acid. 

SaUa .—The salts of technical importance are very 
numerous. Those of sodium, on account of their 
cheapness, easy solubility in water, and comparative 
harmlessnesR, are in constant u.se in many in¬ 
dustries, and are often interchangeable with 
potassium salts; but in some cases the special 
properties of the latter yield bettor products for 
manufacturing purposes. Potassium pennanga- 
nate and clilorato con be crystallised bettor 
than the corresponding sodium salts, and are 
therefore obtainable in a higher state of purity. 
Potassium nitrate is used in the manufacture of 
ordinary gunpowder, whereas the use of sodium 
nitrate would be impracticable on account of its 
ready absorption of atmospheric moisture. Potassium 
sulphate, a constituent of ordinary alum, occurs as 
the mineral kainite, and is valuable as a fertiliser. 
Potassimn ferrocyanido and bichromate are ingredients 
in the production of certain pigments, and tho latter 
finds employment in tunning and photography, as 
well as in the cells of bichromate electric batteries. 
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Both these salts are now largely replaced by the 
cheaper sodium compounds, owing to the stoppage 
of supplies from Germany. A mixture of sodium 
and potuBsium cyanide.s obtained by heating potassium 
ferrocyanido with metallic sodium is used in the 
Ma<'.4rthur-l''oiTcst gold I'xtraction proce.ss. Sodium 
nitrite and hypoelilorito are largely used in the pro- 
duelion of dyestuffs, ami, indeed, the fact that the 
funner was liithorto obtained almost exclusively 
from Oomiany formeil no small obstacle to thio 
inanufactme of certain important dyes in this coimtry. 
Sodium thio.sulphato—hypo—is used in bleaching 
as an antichlor and in photography a.s a solvent for 
•silver halides. Sodium silicate—water glass—is used 
for preserving eggs and also for protecting carbonate 
stone buildings from the action of weathering. 

Ammonium sulpliate we have already mentioned 
as an artificial manure. The ctiloride is used in 
soldering, and its solution forms the electrolyte in 
Leclanche cells. The nitrate is the source of “ laugh¬ 
ing ga.s,” and the commercial carbonate is commonly 
the principal constituent of “ smelling salts.” 

Mention must also bo made of certain peroxy 
compounds, some of which have attained considerable 
technical importance in comparatively recent times. 
Sodium peroxide is obtained by the action of hot air on 
sodium contained in aluminiurn trays. The per- 
carbonates and porsulphates of sodium, potassium, 
and ammonium are prepared by methods of electro¬ 
lysis. Barium peroxide is made by heating the 
oxide to a dull redness in dry air, free from carbon- 
dioxido, and is used in tho manufacture of hydrogen 
peroxide, wliich, us are other peroxy compounds, is 
largely applied as a bleaching agent for cellulose 
materials. 

Tho Bolts of barium and strontium are very useful 
in pyrotechny, the former for producing green and 
the latter rod light. Magnesium sulphate is Epsom 
salts. Mercury salts, including calomel, are also em¬ 
ployed in medicine. Mercuric chloride or corrosive 
sublimate is an excellent antiseptic, and the fulminate 
is a useful explosive. Zinc chloride is used for the 

o 
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destruction of insects and parasites, and other zinc 
compounds are of medicinal value. Gold, silver, 
and platinum salts aro extensively used in photo¬ 
graphy, and copper, tin, and antimony salts in 
dyeing and calico printing. Copper salts aro also 
important in the Deacon cMorine process, in electro- 
typing, in the manufacture of pigments, and the 
protection of wheat from smut. Lead carbonate, 
or white lead, is used in large quantitio.s in paint 
manufacture, and the azide is an explo.siv(j body, 
wliich may be employed in percussion cap.s. liismuth 
and iron salts find good use in medicine, the sulphate 
of iron being also useful in gold extraction. 

Solvents. —Water, the commonest and most useful 
solvent, cannot be discussed here for the obvious 
reason that under ordinary conditions it is not a 
chemical product from our point of viow. Water 
purified by distillation, however, is a commercial 
article, and might perhaps bo included. Among 
inorganic solvents, mention must be made of ammo- 
niacal copper solution for c jllulose, and sulphur 
chloride, which Is prepared by the direct union of 
the elements and is a valuable solvent for sulphur, 
being largely employed in vulcanisuig rubber. The 
common acids, such as nitric, sulphuric, and hydro¬ 
chloric, are excellent solvents for metals and oxides, 
but the solutions so obtained are not simple, the 
original metal or oxide not being recoverable by 
merely evaporating the solvent. Alcohol, or spirits 
of wine, prepared by the rectification of fermented 
liquor, is a valuable solvent in many ways, such as, 
for instance, the purification of certain organic pro¬ 
ducts by crystallisation from alcoholic solution. 

In manufacturing procoases, substances, such as 
fatty oils, rubber, and sulphur, which are insoluble 
in water, are frequently required in the form 
of a solution, and it rests with the chemist to 
discover the beat solvents for such substances and 
the methods of preparing and applying them. 
Carbon disulphide, a volatile, poisonous, highly/ 
refracting liquid, heavier than water, was discovered 
in 1790 by Lampadius, who obtained it by distilling 
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iron pyrites with carbon. As ordinarily met with 
it lias a most obnoxious smell, but when pure the 
odour is ethereal and not unpleasant. It occurs 
in the products of the destructive distillation of coal, 
but is manufactured mainly by the direct union of 
charcoal or coke with sulphur in retorts or in the 
electric furnaco. Its uses are many ; it dissolves 
.sulphur, gums, rubber, phosphorus, resins, essential 
oils, iodine, and alkaloids. It is used sometimes for 
the extraction of fatty oils remaining in the residue 
after crusliing .seeds, being subsequently removed by 
distillation and usod again. A solution of sulphur 
in carbon disuliDhide is used for the vulcanisa* 
tion of rubber. Its poisonous action has been 
utilised for destroying blight in grain without ill 
effects—except to the blight; and potassium thio- 
carbonate—a cornpoimd of carbon bisulpliido and 
potassium sulpliidt^—is destructive to insects which 
infest vines. On account of its high index of refrac¬ 
tion, hollow glass prisms filled with carbon disulpliide 
are omployod in spectroscopy. A solution of iodine 
ill carbon disulphide is of use in certain physical 
experiments, for the reason that such a solution is 
opaque to rays of light, wliile it transmits heat rays 
freely. Lastly, we may mention that from carbon 
disulphide and chlorine is obtained carbon tetra¬ 
chloride, u solvent for fats, wdiich is also employed 
in the production of certain dyes, and being non- 
inflainniablo, servos a useful purpose in firo-oxtinguish- 
ing apparatus. 

Among the organic solvents are several that are also 
ancesthotics. Chloroform was discovered simultane¬ 
ously by Guthrie, an Ainorican, and Souberain, a 
Frenchman, in 1831, and was first employed as an anffi- 
Bthetic byLaw’rence in London, and Simpson in Edin¬ 
burgh, in 1847. It is prepared on the largo scale by the 
action of chloride of lime on alcohol or acetone, the 
product being a valuable solvent for fatty oils, india- 
rubber, alkaloids, resins, and other substances. 
Prepared by the above process, however, it contains 
highly poisonous impiuitios, which are gravely 
<detiiinental to its use as an anaesthetic, for whioh 
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purpose it is obtained by distilling chloral—resulting 
from the action of chlorine on alcohol—or its hydrate 
with caustic soda, tlio final product being sufficiently 
pure. 

Ether, another solvent, also an anaesthetic, was 
known in the sixteentli century, and tlescribed by 
Valerius Cordus, a German physician. It was 
prepared by the action of sulphuric acid on alcohol, 
and in the early part of the eightixmth century w'as 
employed as a mixture with alcohol, under the 
name of Hoffmanns Anodyne, to allay pain. Its 
use as an amostlietic w'as discovered by Charles 
Jackson, of Boston, in 1842. The most oconoinical 
method of inanufactui’e Ls the continuous process, 
devised by Bouliay. 

Acetone, a valuable solvent for oils, and oiu})Ioyed 
largely in the manufacture of explosives, is found 
in the free state in the j)roducts of the destructive 
distillation of wood, and Ls obtained by the dry 
distillation of acetate of lime, which substance is 
also produced from pyroligneous acid. 

Fine Chemirxils.—Tha many suVwtancos we have 
mentioned under the heading of cliejuical products, 
represent only a very small proportion of those in 
common use, and do not include all that are employed 
in the laboratory, or those at present of purely 
flcientific interest, which aro very numerous. Wc say 

at present ” piuposely, for no one can tell how soon 
they mayfind practical application. The value of 
“ research for its own sake ” has already been shown 
in the many examples w'e have cited of the discovery 
of elements and compounds, at first merely regarded 
as scientific curiosities, but sooner or later proved to 
be of incalculable importance to industry and to the 
world. So much depends on the accuracy of 
analytical results, that an adequate supply of 
chemicals in a sufficiently pure state to be used as 
reagents is an essential requirement in all laboratories. 
The statement should be too obvious to mention, but 
it must be remembered that we buy and sell on 
analytical data; we check and control vast technical 
operations on such data, and must be able to rely on 
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Kounci roagonts in rnoKt chemical investigations. 
Gorman fine chemicals have enjoyed a reputation for 
piirity, but of chemicals generally, apart from dye¬ 
stuffs, wo produce the })ulk of our own requirements ; 
nur expert trade has boon greater tlian that of our 
continental competitors, and tliere is no doubt that, 
with increased scientific control and care, w'e can 
monufacturo products of equally liigh standard. 

A number of concerns of established repute are now 
energetically devoIoi)irig the fine chemical industry. 
The processes of manufactiu’e and purification call 
for the services of biglily trained chemists, of wdiom 
the supply will certainly be fortlicoming as the demand 
for thein incToases. 

A pamplilet j)rop}Lred })y a special committee 
aj)pointed by the Cuiiuoils of the Institute of 
(dioinistry au<l of the Society of 1‘ublic Analysts, was 
issued early in 1015, giving details of the tests for 
purity of a number of im))ortant analytical reagents. 
This pro\'idos a standard for the manufacturers who 
will still continue to make products of other grades 
for various iises, while producing the lino chemicals 
up to the specification standard at a higlior cost, 
which the coiLsumor is always willing to pay. For 
one example out of many, sulphuric acid for many 
technical purposes is highly impure. In some cases 
the impurities are substanco.s wdiich do not affect the 
behaviourof thoacid and its suitability for the purposes 
for which it is required. A p\u*or acid is made for 
general laboratory use ; but for good analytical w'Ork 
the acid must be free from load, caknum and other 
metals, from arsenic, selenium, nitrogen and halogen' 
compounds, and from reducing substances, and should 
leave no solid residue on evaporation to dryness. 
Tests are prescribe<i whereby such impurities may 
he detected, but it is most advantageous to bo able 
to secure roliablo supplies without tlio iieceBsity of 
applying them, and possibly being obligetl to purify 
the substances in tlie laboratory before using them. 
The purification of sulplimic acid on the small scale 
is an expensive, difficult, and tedious operation. It 
is a hopeful sign therefore that a number of our well- 
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known manufacturers are now producing guaranteed 
analytical reagents of recognised standard degrees 
of purity. 

Drugn .—After all the roferences wo have mode to 
the work of the chemist in industry, wo do not need 
to labour the distinction between tlio man who 
practfaos chemistry and the man who practises 
pharmacy. The latter has to depend on the former 
for many of the materials ho employs in dispensing, 
or the phy.sician may prescribe with very uncurtain 
results, and the patient perish, or, in any casci, pay to 
no purpo.se. The subject of drugs and pharma¬ 
ceuticals, with all it.s ramifications into tho .substances 
compounded into medicines of all kinds, pills, powders, 
ointments, lotions, tincture.s, and so forth, is too 
extensive for us to treat adequately, and wo can only 
deal with the subject by indicating a few develop¬ 
ments in this important branch of indu.stry. 

Many of the drugs used in medicine are of vegetable 
origin. Quinine, for instance—discovered in 1820 by 
Pelletier and Caventou—is oxtracted from the bark 
of trees of tho Cincliona species. Stryclinine is 
obtained from the seeds of various plants such as 
Strychnos nux vomica. Atropine is prepared from 
deadly nightshade juice, which contains two alkaloids, 
hyoBcyamine and hyoscine. Tho juice is treated with 
caustic potash, tlie liyoscyamine being thereby con¬ 
verted into atropine. The mixture is shaken with 
chloroform and the solvent evaporated, the atropine 
bping extracted with dilute sulphuric acid, precipi¬ 
tated by potassium carbonate, and re-crystallisod from 
alcohol. A solution of the alkaloid has the property, 
when placed in tho eye, of dilating the pupil, a most 
useful aid to tho ophthalmic surgeon. 

An increasing number of useful organic drugs, 
including alkaloids, is now made synthetically from 
other chemical substances. Many of those are 
unknown in Nature, their production and utilisation 
being solely due to scionce. Salicylic acid and its 
derivatives, including aspirin, are made from phenol, 
and used extensively in tho treatment of rheumatic 
and nervous disorders. On account of certain objec- 
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tionablo phyaiological properties, attempts have been, 
and are being, made to obtain other derivatives that 
have no such disadvantages, and good results have 
been obtained with acctylsahcylic anhydride and 
cinnamoylsalicylic anhydride. The antipyretics, 
phonacetin and antifebrin, are made from phenol; 
antipyrene, wliich is put to similar uses, being the 
product obtained by methylating the })yrazolon 
derivative formed by tlie condensation of aeetoacctic 
ester with phenylhydrazine. Derivatives of antipyrone 
include salipyrono and toI\q')yrciie. Veronal is 
another synthetic drug. 

The use of metallic compoimds, as bactericidal 
agents, lias long boon known. Compounds of mercury 
have long been used in the treatinont of certain dis* 
eases. Kecontly the roaearohos of Ehrlich on the 
organic compounds of arsenic liavo clone much to 
alleviato suffering, such coniplox bodies being much 
less poisonous to human boings tlinn are the simpler 
compounds of arsenic. Salvansan and neosalvarsan 
have mot with success. One of the simplost of such 
derivatives, atoxyl, has been used in the treatment of 
sleeping sickness. 

Local aniestliotics, adininistorod hypodermically, 
include cocaine, novacaine, and stoveino, the first 
being extracted from the coca plant by alcohol acidi¬ 
fied with a Rinali quantity of sulphuric acid, and the 
two latter being synthetic products. 

Among antiseptics we must again mention phenol 
(now being nuvnufacturod from benzeno in large quan¬ 
tities for making explosives), cresols, formaldehyde, 
mercuric chloride—corrosive sublimate—and borio 
acid ; while as disinfectants and insecticidos, bleaching 
powder, carbolic acid, potassium permanganate, 
naphtlialene, and zinc chloride—all chemical products 
—are now largely Tised. 
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Chapter XIIT. 

PHO'rOGRAPHV. 

1'his beautiful and now almost- essential art is 
dependent upon tlio action of light on various 
chemical compounds, principally tho salts of silver. 
It was first obsorvod t)y Boylo about tho middle of 
tho flovonteenth ccntuiy, that Inna con?c«—silver 
chloride—darkens on exposure to light, and this 
phenomenon was furtlier investigatcid by tlie Swotlisb 
chemist, Schecle, in 1784. No attomjit, however, 
was made to utilise this prop('rty for the production 
of pictures until 1802, when Thomas Wcdgv'ood 
obtained prints of leaves and other flat })odieR on 
Ronsitive surfaces prepared by moistening white 
leather or paper with silver nitrate solution. Similar 
experirnonts were carried nut by Sir Hunij)liry ihivy, 
but the pictures produced lacked one important 
advantage ; they wore not permanent in daylight, and 
therefore had to be kept in the dark and examined 
only in weak, artificial light. The next workers of 
note were Ni6pco and Daguerre, a great advance 
being made by the latter, when, in 1839, he introduced 
a new departure, well-known as the daguorrotypo 
process. Tills was long ago super-seded by other and 
better methodR, but it served the purpose of indicating 
the right road to success. A plate of polished silver 
was exposed to tho action of iodine vapour, being 
thereby covered with a film of .silver iodi(^e. On 
exposure in a camera no apparent change took place 
until development, as is the case with modem 
photograpliic plates. The method of development 
of the Daguerre plates was an accidental discovery. 
Daguerre, wliile experimenting, was called away just 
after he had removed a plate from his camera. For 
safety, he put the plate in the first dark place that 
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raiipht- his oyo—a box containing odd pieces of 
Apparatus—and when he ix^turned to contiimo the 
work, he was surprised to find that during his absence 
tho imago on tho plate liad developed. Investiga¬ 
tion of tho eontonts of the box led to the final con¬ 
clusion that tho agent was some metallic mercury 
loose in the bottom of the box. This provided the 
moans of development, the plates aft.er exposure to 
ligfr. being acted upon by Iho vaj)oiir of mercury. 
The image was made pomiauent by dissolving the 
unaltorc!(l silver iodide in the parts less affected by 
light with a hot solution-of common salt, an improve¬ 
ment being almost iniTnodiatcI.y offeekul by the 
suggestion of Hersehel, that sodimn thiosulphate— 

“ hyi)0 ’’—was a more suitable fixing agent. 

Meanwliile, other invostigatois had not l)eon idle. 
In the (’alotype or 'J'albotypo process, elaborated by 
Fox Talbot, and inlroduec^d in 1841, we find tho 
princii)1e of modern photography showing signs of 
active gormination. The method depended entirely 
on t)ie use of papers sonsitised with chloride and 
iodide of silver. In his oarlior researches, a })ieco of 
paper was covered with silver chloride by immersion, 
succossively in .solutioi^s of common salt and silver 
nitrate. Prolonged exposure in the camera resulted 
in tho prodiictioTi of a Ticgative image, whicli could be 
fixed by common salt solution. This method was 
soon afterwards greatly modified in t he following way. 
The image formed by the camera lens was received 
on a sheet of paper covered with silver iodide, and was 
subsequently developed by a mixture of silver nitrate, 
acetic acid, and gallic acid. When tho resulting 
negative was made transparent by moans of wax, 
positive printfl could be obtained by allowing sunlight 
to pass through tho negative on to a piece of the sensi¬ 
tive silver chloride paper. The first use of glass 
plates was made by Archer in 1851, tho glass being 
covered with a film of collodion in which cadmium 
or zinc bromide or iodide had been dissolved. The 
plate was sensitised by dipping into a solution of 
silver nitrate and it was exposed in the wet state in the 
camera, the image being developed by washing with 
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some reducing agent, such as ferrous sulphate. The 
image being ^ed by a solution of sodium thiosulphate 
or potassium cyanide pro\dded, when dried, a negative 
from which number of positive prints could bo 
taken. By this moans the detail of tho pictures was 
better than that given by the oldor jirocossesjand otlior 
advantages wore obtained, including tho shortened 
time of ex-posure of tho more soii&itive collodion fihn. 
By this timo ver^’- many workei's }m<i entered Hio 
field, and the art niedo rapid strides. A further 
improvenient was the introduction of dry platos, the 
sensitive siuface being composed of gelatine impreg¬ 
nated with silver bromide; but to give a detailed 
liistory of the development of modei'ii photography 
would be beyond the scope of this article. 

The modem dry plates consist of Rlieets of glass 
cut to standard size and covered with a golatiuo 
emulsion of silver bromide. Tho emulsion is prepared 
by the inter-action of ainmoniacal silver nitrate with 
excess of potassiiun bromide containing a little iodide 
in hot gelotine solution, the emulsion formed being 
kept at a tomperatui’e of 45 deg. Cent, for some time— 
an operation wliich increases the sonsitiveness. Tho 
emulsion is then washed free from soluble salts, run 
in an even coating on to tho plates, and dried. After 
exposure, the plates are dr\’()l()])ed by tho reducing 
action of certain compounds, such as pyrogallic acid, 
hydroquinono, metol, ferrous oxalate, and others, with 
various substances added to modify favourably tho 
course of development. The developed plates are 
fixed by means of a solution of sodiiun thiosulphate, 
well washed and dried. The introduction of celluloid 
films has lessened the inconvenience attached to tho 
bulkiness and rigidity of plates, films being invariably 
used when compactness and hghtnoss of outfit are 
required. 

Many kinds of printing paper are available at 
the present timo. Silver chloride papers, both 
in g^tine and collodion, are used for daylight 
printing, ordinary P.O.P. being toned with a solution 
containing gold chloride before fixing with hypo. 
Self-toning papers require washing and fixing only, 
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the paper already contaiTiiiig the necessary gold, but 
modifications of tone may be obtained by washing 
the prints in a solid ion of cominoji salt before fixing. 
Silver bromide and silver iodido are the sensitive 
bodies in bromide nnd gaslight papers, of which many 
varieties are on the market, these papers requiring 
development, as in the case of plates. Beautiful 
tones may bo obtained by plathiotypo papers- 
t)thor methods of printing include the carbon 
process, depending upon the fact that when a gelatine 
solution of potassium bichromato is exposed to light, 
the gelatine becomes insoluble in water. Brilliant 
black and white j)rints may bo obtained by the 
adliesion, after washing, of finely divided carbon to 
the insoluble gelatine surface. The paper for the 
blue prints familiar to ongiiioers is prepared by immer¬ 
sion in a solution containing potassium foiTocyanide 
and ferrous ammoniiun citrate, the prints merely 
requiring to be washed in water and dried. Other 
methods have been devised to obtain engineers’ 
prints in various colours on a white gi'oimd, but for 
most purposes the blue i)rint method is adequate. 

Colour photography, which has attracted much 
attention during the last few years, has been dovolopod 
with some success. Many processes have been 
devised, on® of tho most strildng being the miiTor 
method of Lippmann, which depends upon the 
interference of direett and reflected rays at different 
depths in the film, tho ultimate deposition of metallic 
silver produced by development occurring at a distance 
from the reflecting surface fixed by the wave length 
of the impinging light. On viewing the developed 
and fixed plate similar interference phenomena take 
place with the consequent natural colouring of tho 
image. With the aid of orthochromatic and of pan¬ 
chromatic plates, prepared by the use of various 
dyes, combined with screens or colour filters, excellent 
coloured photograplis may be obtained. Three- 
plate and single-plate processes are available, tho 
latter type being more convenient. The Lumiere 
process is a single-plate process, in which the screen 
consists of a mixture of starch grains, dyed red, 
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greon, and blue, incorporated in a single layer in the 
plate. All these colour j)hotography processes, ^ 
however, aro still somewhat oxpeusive. 

Mention could bo made of many debts to phot(»- 
graphy, including the discovery of radioactivity, 
which was directly due to the sensitiveness of the 
photugi’aphic pUite, th(‘ discovery of stars too faint 
to be observed by the most })ov’erfiil tf^lescopos, the 
invention of photo-mechanical processes employed in 
illustrating books and journals, pJiotomicrogT'a])iiy and 
its numerous applications, and the cinematograph, 
apart from its everyday uses in pence and war. 

rhotographic Maicrialn .—Tlio manufacture of 
photograpliic materials is essentially a branch of the 
fine chomical industry, since the production of good 
results depends as much on the purity of the materials 
employed as on the manner of employing them. 
Dovolo])ors, such as pyrogallie acid, metol, and hydro- 
quinone, toning solutions containing gold chloride, 
and the materials for making and sensitising plates, 
films, and printing papers must necessarily bo pure. 
In fact, the whole art of photography depends, from 
start to finish, on a high order of scientific work, both 
chomical and physical. 
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Chaptbr XIV. 

ACIUCULTITIE AND FOOD. 

AGRICULTORK. 

Aghigulti/'RE, though primarily concerned with the 
cultivation of the soil—tilUigo, pasturage, and 
gardeiniig—may ho regarded as tho industry to 
which wo look, not only for food—animal and 
vog<itablc—but, tlirocUy or indirectly, for clothing 
and toxtiloH, timber, drugs, leatlier, rubber, and a host 
of other necessaries and comforts. Little reflection 
is required to show that agrioultiu’O is dopendout on 
scionco, and, although many })raclical fannors 
still scout such ideas, the various branches of the 
industry owo much to geology, biology—botany and 
zoology—chemistry, physios and Trioteorology, as well 
as to the art of engineering. We propose to refer, 
briefly, to the work of tho chemist, especially in 
oonneetaoii with the subject of fortilisors. 

The fear has been expressed from time to lime that, 
even making allowance for the olToots of war, the pro¬ 
duction of food will fall behind the needs of the 
increasing population of tho earth, unless science can 
devise measures for coping with the problem. We 
have sJiown how, through science, fields devoted to 
the cultivation of indigo and madder liavo made way 
for cereals, and we may confidently expect further 
elmnges of tho same kind, or even find, i!i the labora¬ 
tory, moans for obtaining food indepondently of the 
processes of Natm’o by reproducing something akin 
to the vital processes of vegotablo and animal life. 

Fertilisers .—Mother Earth readily repays tho kindly 
attentions of man and offers an illimitable field to 
science in tho dovolopinent of food supplies for man 
and beast. The chemist examines tho soil, decides 
the means to be adopted for the restoration of its 
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fertility, and barren land is thereby reclaimed. 
Natural maimres, through the agency of which the 
soil regains its creative energy, are supplemented by 
artificial fertilisers, and the yield of foodstuffs is 
increased. Tims, sodimn nitrate, found in enonnous 
deposits in certain parts of Western South America, is 
very largely used as a nitrogenous manure, the crude 
material being pmified by crystallisation. Potassium 
sulphate, in the form of the mineral kiersorite, 
enriches the soil deficient in potash. Anmionium 
sulphate, from the distillation of coal and shale, is 
another valiiablo nitrogenous manure, and super¬ 
phosphate of lime, prepared by the action of sulphurio 
acid on mineral phosphates, provides a fertiliser 
containing a largo proportion of soluble phosphate. 
The manufactm'o of this substance, moreover, has 
boon largely instrumental in keeping alive the load 
chamber process—chamber acid, as such, being suit¬ 
able for the purpose. 

The calculation of Vergara that the South American 
sodimn nitrate beds would be exhausted by the 
year 1923 has boon proved to be erroneous. Surveys 
of the known bods show that the supply from them 
will be sufficient to meet the increasing demand for 
the next fifty years or more, while the general character 
of the country leads to the reasonable supposition 
that other beds of vast extent exist and will bo 
capable of supplying the needs of the world for a 
iurther 200 years. However, the end must come 
sooner or later, and in view of the importance of this 
substance, both as a fertiliser and as a starting 
material in the manufacture of potassimn nitrate, 
nitric acid, and other nitrogen compoimds, the 
prospective shortage has given an impetus to research 
with the object of utilising the nitrogen in the air. 
One of the methods employed aims at the preparation 
of nitrates by heating air in a specially constructed 
electric furnace in which, by a suitable arrangement 
of oloctro-magnots, the arc is caused to assume a 
discons shape. The oxide of nitrogen produced is 
led away to an oxidising chamber, where it is converted 
by atmospheric oxygen into a higher oxide, which is 
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absorbed by bases such as lime, soda, potash, or 
ammonia. The process, primarily discovered by Sir 
William Crookes, was adapted by McDougall and 
Howies, in America, and later by Birkeland and Eyde, 
in Norway, whore electric power is cheap, and bases, 
manufactured in Germany, were sont to Norway and 
returned as nitrates. 

The cyanamido process, wliich forms a great 
German industry, consists in licatiiig calcium carbide 
with nitrogen in tho electric furnace. The nitrogen 
is obtained from liquid air by boiling off the oxygen, 
or as residue from wator gas or producer gas, which 
has beon used in the manufacture of hydrogen. Tho 
cyanamido is applied directly as a manure, and on 
exposure to water at ordinary temporatiiro slowly 
evolves ammonia, w^hich,under tho action of nitrifying 
bacteria, is oonvortod into compounds of nitrogen 
j’oadily absorbed by the ]:)lant. It may be noted also 
that ammonia is easily formed by heating calcium 
cyanamide with water under pressure. If barium 
carbide is used instead of the calcium compound, the 
main yield is barium cyanide, a convenient starting 
material for the m<anufacturo of other cyanides. 

Nitrides, such as those of magnesium, boron, and 
silicon, are prepared in tho electric furnaco, and find 
application as manures rich in nitrogen and as sources 
of ammonia, though thoir cost of production is rather 
high. Many other processes have beon patented and 
used for tho fixation of nitrogen, and British chemists 
have not been idle, in spite of the difficulty of com¬ 
peting against the lower cost of power in other 
countries. Water power, abundant in Norway, is 
readily converted into electricity, and is, therefore, 
a most valuable possession in this connection; but 
we are assured that an earnest endeavour is being 
made to produce nitrates in this country at the present 
time. Incidentally, we would remark that tho 
fixation of nitrogen is of such importance that it is 
practically certain that if Germany had not solved 
the problem before the war, she could not have 
maintained for so long the siipply of munitions to her 
army. 
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Basic slag—the phospliatic slag from the Thomas 
and Gilchrist basic Btissomor process—when finely 
ground is a useful manure for certain purposes, grass 
land es])eciall5'' deriving benelit from il.s application. 
Its oinploymont in o(.her directions has not, so far, 
been (ixU'iiBivo, possilily owing to the existence of a 
somewhat arbitrary stainlard of valuation. It is 
desirable that careful expc'iiirumt should he made 
with various crops to asceitahi if this standaril is 
rensonubk) for all purposes. In the result it is not 
unlikely that gi*oat dumps of slag, liithorto regarded 
as waste, both from the basic Bessemer and from the 
open-hearth processes, may be available for agi'i- 
cultural purposes. 

The quality of artificial fertilisers is to some extent 
safeguarded by the provisions of the Fertilisers and 
Feeding Stuffs Act, under wliioh the seller of any 
artificially prepared or imported hirtilisor, and any 
artificially prepared feeding stuff, is required to give a 
warranty to the piirchaser as to the eonstituents of 
valuoin these articles, and aii undertaking that the per¬ 
centages fotind in those articles do not differfrom those 
stated in the invoice, beyond certain prescribed limits 
of en-or. Official agricultural analysts and samplers 
are appointed to assist in the administration of the 
Act., and the Board of Agriculture is empowered to 
make regulations for the purpo.se of carrying the Act 
into execution. It is generally agreed, however, that, 
with few exceptions, the county and borough authori¬ 
ties concerned have practically ignored it, and beyond 
appointing officials as required by the Act have given 
them little or nothing to do, so that offending traders 
are rarely brought to justice. 

Feeding Stvffs .—Anrong the principal artificially 
prepared feeding stuffs for cattle and sheep may be 
mentioned cotton cake and meal, which are very rich 
in albuminoids, as are also cake and meal from the 
ground nut and Chinese soya bean,and linseed and rape 
cake, prepared from the marc or refuse from crushing 
for oil. Other industries provide food material, such 
as brewers’ grains, malt dust and yeast, and beet 
sugar fibrous wastes. 
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FOOD. 

While, aa we have irKiicat.ed above, the measures 
taken to asaui’o the quality of food for cattle are, to 
a large extent, inoffoctive, tlioae takon in respect of 
our own food are certainly more satisfactory, although 
the Salo of Food and Drugs Acts might, with advan¬ 
tage, bo more thoroughly administored in some parts 
of tho country. The term “food” includes every 
article used for food or drink by man, other than 
drugs or water, and any article which ordinarily 
enters into, or is used in, the composition or prepara¬ 
tion of hiirnau food, aiul also flavouring matters and 
condiments; tho torm “ drug ” includes medicines 
for internal or external use. Public analysts are 
appointed to examiiKi Ram})loB—chiefly milk and 
dairy products—taicon under the Act, and proceedings 
frequently follow both in the interests of health and of 
the prevention of fraud. Some may protest tliat tho 
work of tho public analyst is not in the interests of 
industry, but it must be admitted that tho honest 
vendor is directly protected by tho prosecution of the 
fraudulent, and it should bo noted also that many 
prepared'foods, such as biscuits, cocoa, margarine, 
preserved moat, fish, fruits and vogotables, jams and 
confectionery, and beverages aro produced under 
scientific supervision. 

Tho methods of preservation of porishablo food 
products are due to tho application of science. Tho 
sterilisation by boiling of meat and of fish, followed 
by immediate hermetic sealing in cans, is the result 
of a knowledge of tho natmo of bacterial life, as also 
is the practice of preserving by the application of 
cold, the meat or fish boing either actually frozen, or 
maintained at a temperature near the freezing point 
without actual congelation. We will refer again to 
tho subject of cold storage later. 

The law governing the sale of milk in this 
country enacts that the content of fat (cream) 
shall bo not loss than 3 per cent. The various 
preservatives available for use are either prohi¬ 
bited, or are restricted as to the quantity that 
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may bo adclod. Thus is a nocoaaary precaution, as 
moat of tho preservatives, such aa formalin and boric 
acid, aro not desirable from tho point of view of 
health, ospocially in the case of ndlk, which is so 
important to ijifants and invalids, d'ho sterilisation 
of milk by pasteurisation, wltich consists in prolonged 
boating at a moderate tomperaturo, is a useful meatis 
of eafeguanUiig the public liculth, the taste, and 
thoroforo tho palatability, of tho milk being vory little 
affected by tho treatment. 

Science provides tho means of distinguishing 
between genuine butter and the various substitutes 
now in common use, such distinction being necessary 
for the detection of fra\id. 

Careful investigation by botanical workors, com¬ 
bined with tlie proper application of mamiros, has 
greatly increased the yield of cereals, and the cultiva¬ 
tion of many other foodstuffs, such as roots, fruits, 
tea and coffeo, comes more and more under scientific 
control, with boneficial results. Wo propose now to 
consider, as an oxainplo, an important foocIetulT, in 
the productioii of which chemical, botanical and 
mechanical sciences fiave played no moan part. 

SUGAR. 

Stigar is contained in the sap of many troes, such as 
the date, palm, and tho maple, and in nearly all fruits. 
The main sourcos, liowovor, are the sugar-cane and tho 
beet. The extraction of sugar from cane is said to 
have been practised in Bengal and in China about 
800 B.O., and existing records indicate that the Egyp¬ 
tians, Arabs, and Persians were acquainted with cane 
sugar over 1100 years ago. The cane is now culti¬ 
vated in the West and East Indios, in the Southern 
States,'and in South America. 

In the old method of manipulation the cane, which 
contains up to 18 per cent, of its weight in sugar, was 
crushed between rollers, the expressed juice treated 
with milk of lime to neutralise aeidity, filtered and 
evaporated to obtain the crystals. The solid was 
separated by drainage in perforated casks, and the 
mother liquor—which contains various substances 
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which prevent complete crystallisation—appeared on 
the market as treacle or molasses, or was fermented to 
make rum. With modern mechanical and chemical 
developments the industry has beou brought to a 
.state of groat efficioncy. The introduction of evapo¬ 
rating pans and similar plant has effected marked 
economy in fuel; the crystals are separated by 
centrifuges, resulting in great saving of time, and a 
leaf has beon taken from the book of the beet sugar 
manufacturers by the employment of a diffusion 
process to replace the crusliing. The csno is shredded 
and soaked in water, the sugar diffusing through the 
cell walls of the cane into tlio water, and the yield 
is onurmonsly incrc’asc'd. 

The process of refining crude sugar generally 
consists in dissolving it in liot water—blood being 
added to very crude sugars to carry down impurities 
in congijlatiug—filtering, dccjolourising by the action 
of animal charcoal, and evaporating to crystallisation. 
The products are separated into various grades 
according to pimity. As an iastanco of the value 
of scientific control in sugar-refining processes, we 
may mention that one concern has for many years 
post effected a saving of between £75,000 and £100,000 
a year as a return for an expenditure of £20,000 a 
year on iti laboratories and staffs of chemists. 

Sugar was discovered in beetroot by Marggraf, a 
(German chomLst, in 1747, but it w^as not imtU 1801 
that a factory was established for its extraction, 
the first being erected in Silesia by Achard. In 
the light of present-day events it is interesting to 
observe that the Gorman industry received consider¬ 
able impetus in its early years through the land 
blockade of Prussia, enforced by Buonaparte, which 
made the homo production of sugar a necessity. 
Buonaparte also gave oncoiiragoment to the estab¬ 
lishment of the industry in France, and it is now 
carried on in Russia, Holland, and other European 
countries. Tlie juice of the common beet contains 
only a low percentage of sugar, but by careful 
scientific cultivation the yield lias been steadily 
increased, so that some varieties give over 15 lb. 
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of sugar per 100 lb. of beet, instead of about 6 Ib. or 
less. The yield of beetroot from the land has been 
increased by about 15 per cent., and the coal con¬ 
sumption in the process of extraction has been 
reduced by about 80 per cent, dlie exhausted sub¬ 
stance is utilised for making feeding stuffs for cattle. 
In the early method of extraction the roots wore 
cleaned and shredded, the shreds placed in woollen 
bags, and the juice squeezed out by hydraulic 
pressure. This practice still prevails in some places, 
but has been replaced m others by the cleaner and 
more efiScient diffusion process. The roots are 
cut into thin strips wliich are exposed to the action 
of water; the sugar diffuses out into the water, 
leaving colloidal substances in the cells, the walls 
of which are impervious to colloids. The treatment 
of the juice is similar to that employed in the case 
of cane sugar, the yield of crystallised sugar being 
about 70 per cent, of the sugar in the root, the other 
30 per cent, remaining in solution as molasses or 
treacle, to be sold as such or used to make rum. 

Increased yields of sugar in the crystallised state, 
from both cane and beet, are largely attributable 
to the Osmose process, based on Graham's work 
on dialysis, and the Elution processes elaborated by 
Steffen and by Schoiblor. In the first process the 
sugar is allowed to diffuse through a parchment 
membrane into pure water, the substances which 
prevent crystallisation being unable to pass through 
the membrane. The solution obtained is then worked 
up for sugar and for potassium nitrate which accom¬ 
panies it, while the remaining liquor goes to the 
distillery for the manufacture of by-products. 

The Elution processes depend on the formation of 
the sparingly soluble calcium or strontium salts 
formed by sugar—calcium and strontium sacchoratos. 
These salts, obtained by various methods in pure 
condition from the sugar in molasses, are suspended 
in water and decomposed into sugar and calcium or 
strontium carbonate, as the case may be, by the action 
of carbonic acid gas. 

Other such processes have been devised, but that 
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involving the use of strontium hydroxide is moat 
largely employed. 


COLD STORAGE. 

A valuable by-product of the beet sugar industry 
is trimethylamine, which is obtained by distillation 
from the final residue or vinasses of the Osmose 
process, and also in large quantities from herring-brine 
by distillation with lime. It is a gas at ordinary 
temperatures condensing in the cold to a liquid 
which boils at 3.5 deg. Cent., and is used, as we have 
noticed before, in the place of ammonia, in the 
manufacture of potassiuin bicarbonate by a method 
analogous to the ammonia soda process. By heating 
its hydrochloride with hydrochloric acid, methyl 
chloride, an easily condensable gas, is obtained, and 
nsed for making certain dyes, and also as a freezing 
agent in the technical production of ice. 

The preservation of food by cold storage is of 
great importance, and depends for its usefulness 
upon the availability of a large and cheap supply of 
ice. In the preparation of ice, advantage is taken 
of the heat absorption of boiling liquids. A gas 
tliat can easily be liquefied by pressure can be used 
as a freezing agent, provided that its other properties 
arc not objectionable. The gas is liquefied by 
mechanical pressure, and is then allowed to evaporate 
midor low pressure, the only heat available for its 
vaporisation being that contained by the water it 
is desired to freeze. The freezing agent is, of course, 
not destroyed, but can bo recondensed and used 
over again. Gases in common use as freezing agents 
are methyl cliloride, which liquefies at ordinary 
temperature under two or tlrree atmospheres pressure, 
and boils under ordinary pressure at 24 Centigrade 
degrees below zero, ammonia gas, which liquefies 
under about six or seven atmospheres and boils under 
ordinaryprossuroat 33.6 Centigrade degrees below zero, 
carbonic acid gas, and cyniogene (referred to in 
Chapter V.). 
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OlIAPTEIt XV. 

BREWING. 

The production of malted liquors was one of the 
first industries to rocogntso thtf value of scientific 
investigation in the elucidation of technological pro¬ 
blems ; but the industry has not alone profited—the 
field of work has proved so rich hi discovery that an 
important domain of chemical scionco, the chemistry 
of fermentation, with its applications to the leather, 
tobacco, food and other industries, us well as to physio¬ 
logical science, has been oiioned up, primarily through 
the study of the principles midorlyhig the practice 
of brewing. 

Alcoholic liquors were browed from grain stuffs in 
Egypt us early as the 4th Dynasty (b.c. 3000 to 
4000), the beverages taking the place of wine in 
countries whore the climatic conditions were un¬ 
favourable to the cultivation of the vine. Although 
the Egyptians liad vineyards in the Nile Valley, it is 
probable that tills restriction of area gave rise to the 
brewing of grain liquors in other leas favoured parts. 
The earhest fermented liquor known in Britahi was 
mead, made from honey ; the production of beer 
from barley, and of cider from apples followed in the 
order indicated. All three beverages were in use in 
the South of England at the time of the invasion by 
the Romans, who are said to have considerably 
improved the manufacture of boor, which subse¬ 
quently became the national drink of the country. 
In the Middle Ages rents were sometimes paid in malt 
or beer, and it is not without interest to note that one 
of the municipal appointments in the time of Queen 
Elizabeth was that of the ule-toster, a post held 
by the father of William Sliakespeare at Stratford- 
on-Avon. Ale-tasters were required to examine 
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beer and ale to see that they wore good and whole¬ 
some, and sold at proper prices. Public analysts 
mny now bo considered to carry on these duties, 
the custom of appointing ale-tastors having been 
discontinued in most jdaoes since boor and ale 
became oxcisablo coinniotlities. 

In normal times about 35 million barrels of 36 gallons 
are brewed per year in the United Kingdom, involving 
the (.‘onsmnption of 50 million bushels of malt, over 
00 million poimds weight of hops, more than a million 
hundredweights of specially prepared rice and 
maize, and about three million Inmdredwoights of 
sugar. 

Tho question of water supply is of groat importance 
to the brewer, tho nature of the impurities in the 
water used in mushing greatly influencing the quality 
of tho product. Th(» excellence of tho pale ales pro¬ 
duced at JIurton has been traced to tho existence in 
solution of large quantities of calcium and magnesium 
sulphates in the Burton well water. Stout and porter 
are better browed with the softer water of London or 
Dublin, which does not contain the sulphates above 
mentioned. Sometimes the water in a locality can be 
BO modified, by the addition of the requisite substances, 
as to be suitable for the browing of different classe.s 
of beer ; but tho industry has been largely established 
in districts where the natural supply needs no special 
treatment. 

Tho production of beer from barley involves three 
main operations: tho conversion of the grain into 
malt; tho preparation of an infusion of the malt 
called wort; and tho fermentation of the wort by 
means of yoast. Malt is obtained by keeping barley 
in a moist atmosphere until the induced germination 
has proceeded to tho requisite extent determined by 
examination of tho grain. The product is then 
heated to a temperature above 00 deg. Cent, to stop 
germination. Tho infusion known as wort is made by 
mashing the finely ground malt with water, and 
keeping it for some time at about 67 deg. Cent. The 
resulting liquor, after straining through spent wort, 
is sterilised by boiling, when hops are added to impart 
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a bitter flavour, and to yield to tlio liquor certain 
proaervative subatanoee. The liquor is then cleared 
by aettling, drawn off, cooled by “ coolers ” and 
refrigerators, and fermented by yeast. 

The chief change taking place in malting barley is 
the production of an active body called diaattrae, which 
lias the power to convert starch into sugar. During 
malting albuminoid substances are broken down into 
aimpler bodies, and the starch midcrgoes modifica- 
tioiis, assuming a form more easily attacked by tho 
diastase. During tho mashing operation tho starch 
is converted by the diastase into a sugar, wliioh is fer¬ 
mentable by yeast, thereby j-ielding alcohol. A.s the 
finished malt contains much more diastase than is 
necessary to convert all tho starch present into sugar, 
starch, in the form of flaked rice or flaked maize, is 
sometimes added to tho malt before ma.shing, the 
final result being an increased production of alcohol. 
When desirable the quantity of .sugar in the wort can 
be increased by tho direct addition of invert sugar 
or of glucose. Invert sugar, v'hich contains nearly 
equal quantities of two fermentable sugars—dextrose 
and laovulose—is produced in largo quantities for the 
use of brewers by boiling cane sugar with dilute 
mineral acids, whilst ghico.se, containing two sugars—- 
dextrose and maltose—is made by tho hydrolytic 
action of dilute mineral acids on starch, an inter¬ 
mediate product being dextrin (British gum). If 
the action of the acid were further prolonged dextrose 
alone would be the main product. Brewers’ 
glucose contains 60-70 per cent, of fermentable 
sugars. 

By boiling, the wort is sterilised and concentrated, 
certain complex protein bodies are eliminated by 
precipitation, diaatatic action is stopped, and the 
flavouring and preservative materials are extracted 
from the hops which are added at tliis stage. Hops 
contain a yellow granular powder called lupulin, 
which is the most valuable constituent from the 
brewers’ point of view. The lupulin in new hops may 
amount to 15 per cent, or more, and contains resins 
and bitter principles, which give a flavouring and 
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exert a preservative action on the beer; and 
certain volatile essential oils which also improve the 
flavour. 

By fermontation with ytiast the sugars in the wort 
are transformed into alcohol and carbonic acid gas. 
The growth of yeast, when supplied with suitable 
foods, and its remarkable action on certain sugars, 
have held the attention of scientific men for years. 
Liebig, in 1839, advanced the theory that yeast, an 
unstable nitrogenous compound, possessed the pro¬ 
perty of communicating this instability to sugars, 
causing them to decompose, but the living nature of 
yeast was not then recognised. About thirty years 
later Liebig's views were overthrown by Pasteur after 
a long controversy, and Liebig was compelled to make 
certain modifications in his theory. As the result of 
a series of epoch-making exporimonts, Pasteur came 
to the conclusion that yeast w’as an organism capable, 
under certain conditiojis, of maintaining its life with¬ 
out the aid of atmospheric oxygen, that element being 
derived from sugars, the j^rosence of which fulfilled 
the conditions. The maximum fermentative power 
of yeast was therefore attained in the absence of 
atmospheric oxygen. This theory held the field until 
1892, when the researches of Adrian J. Brown showed 
it to be untenable. In 1897 Buchner demonstrated 
that the living yeast coll is not necessary for fermen¬ 
tation, but that the clear liquid extracted from tho 
yeast by heavy pressure served the purpose. He 
proved conclusively that the cause of the fermentation 
is an enzyme, which he called zymase. Further light 
has been thrown on the problem by Arthur Harden, 
who separated the active liquid into two inactive 
constituents—the enzyme and the co-enzyme—which, 
when remixed, became once more active. Harden 
has also shown tho importance of phosphates in 
accelerating the change. To summarise: the living 
yeast contains and reproduces an active non-living 
body which is capable of converting sugars into 
alcohol and carbonic acid gas. The yeast grows 
at the expense of certain foods present in the 
wort. 
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Utilisation of Waste Products .—Dried yeast is used 
as a cattle food, and as the source of an excellent 
substitute for meat extract. Carbonic acid gas is 
compressed and used for the aeration of beer and 
mineral waters. 
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Chapter XVI. 

ALCOHOL, WINKS AND SPIRITS. 

Alcohol Ih one of the most important chemical 
products. We luiv<^ already rofoiTed to it as a 
solvent, in which capacity it is of great service to the 
chemist in the laboratory as w(ill as in industrial 
operations involved in the manufacture of transparent 
soap, varnishca, French polish, collodion, and celluloid. 
It is not only as a solvent, however, that it 6giircs 
extensively in the arts and manufactures. It is used 
in the technical preparation of chloroform, iodoform, 
fulminates, ether, acetic acid, and many other bodies. 
For certam puiposcs—such as the production of some 
kinds of whiskey ami brandy, and of liqueurs, and in 
the manufacture of scents, fine chemicals and drugs— 
only alcohol of a considerable degree of purity can 
be used, and the expense is correspondingly high. 

Alcohol is made from the clieapest starchy materials 
available, such as potatoes, maize, turnips, molasses. 
The raw material is mashed with about 6 per cent, 
of malt, and fermented in the usual way. After 
distillation in a Coffey still, the spirit is diluted with 
water, filtered through wood charcoal to remove 
fusel oil and redistilled through a fractionating 
column. The products arc separated into three 
grades: first runnings, and first and second quality 
spirits. The first runnings, containing about 96 per 
cent, of alcohol with a small quantity of aldehyde, 
may be used for burning and in manufactures where 
the impurities give rise to no deleterious effects. 
The first and second qualities, which are 96 to 97 per 
cent, in strength and contain only traces of aldehyde— 
the second quality also containing a small quantity 
of fusel oil—are known as silent spirit, because they 
aSord no evidence of their source. These qualities 
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ore used for drinking purposes—liqueurs and factitious 
brandy and whiskey—and for phannaceutical pre¬ 
parations. 

Absolute alcohol, containing 99 per cent, or more of 
alcohol, is obtained by dehydrating tho finer spirits 
by redistilling with about half tlunr weight of quick¬ 
lime, whilst 100 per cent, alcohol may be prepared by 
the addition of a small quantity of metallic sodium 
to absoluto alcohol and further redistillation. 

The denaturing of industrial spirit—rectified spirit 
and first runnings—consists in adding to tho alcohol, 
to render it undrinkable, some substance or substances 
which cannot bo profitably separated, and which have 
the minimum harmful effect in tho (processes 
demanding tho use of such spirit. Were it not for 
the fact that in most eoimtries tho Governments per¬ 
mit the sale and use of denatured or undrinkable spirit 
free of duty, tho high duty on such spirit would 
render its use in ordinary manufactures prohibitive 
from the point of view of economy, and the absence 
of such facilities would prove a great hindrance to 
the industries concerned. 

Methylated spirit is duty free, and may be used 
instead of rectified spirit—spirits of wine—in the 
manufactiu'e of chloroform and varnishes, for pre¬ 
serving anatomical spochnons and for many other 
purposes. It was originally made by adding about 
10 per cent, of methyl alcohol—wood spirit—a product 
of the destructive distillation of wood, which has a 
sharp fiery flavour and contains substances dis¬ 
agreeable both to taste and smell. The presence of 
wood spirit, however, has little or no offeot on tho 
industrial uses of alcohol, froTn which, moreover, it 
cannot bo profitably removed. The main use of 
wood spirit, theroforo, is for denaturing purposes ; 
but it is also employed as a solvent for resins and in 
the manufacture of dyes, its characteristic component 
CH», appearing in this rSle as a constituent of the 
intermediate products methylaniline and dimethyl- 
aniline, bases largely used for tho production of basic 
dyes, such os methyl violet—the colouring matter of 
recording, copying, and typewriting inks—malachite 
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green, and mctlaylono blue. The processes for the 
extraction and jnirifictition of wood spirit, however, 
were in the courwt' of time so far improved, that its 
purity eventually urilittod it for usci alone as a de- 
naturant; it is still univcrwally used for the purpose, 
but with the eufore(>d addition of other more dis¬ 
agreeable substances, such as—in tlio case of ordinary 
methylated spirit—not less than ^ per cent, of 
paraffin of specific gravity 0.800. For some manu¬ 
facturing purposes the paraffin is a disturbing factor, 
causing turbidity on mixing with water, and being 
unsatisfactory in otiK^r respects. To obviate these 
disadvantages, various dtmatured spirits are now 
mado, containing from 2 to 10 per cent, of wood 
spirit with a smaller quantity of other substances of 
unpleasant taste, the choice being determined 
according to the purpose for which the spirit is to be 
employed. Thus, in the manufacture of transparent 
soap, a spirit denatiued with wood spirit, castor oil 
and caustic soda is useful; in making mercury 
fulminate, a mixture of woo<l spirit with pyridine 
bases forms a suitable donaturant; and in making 
celluloid the spirit may be mixed with wood spirit, 
camphor, and benzene. Other denaturants include 
toluol, xylol, wood vinegar, tur|}entine, animal oil, 
chloroform, iodoform, and ethyl bromide, according 
to the needs of the industry for which the spirit is 
required. 

Wines .—The production of winos by the fermen¬ 
tation of grapes is an industry of great antiquity. 
Several words in Hebrew are translated in our Old 
Testament as wine,and we find itassociated with Noah, 
who, when ho began to be an husbandman, planted 
a vineyard, drank of the wine and was drunken. 
Fermented grape juice was a beverage of the ancient 
Egyptians five or six thousand years before our time. 

Wine is made by allowing the juice of grapes 
to ferment spontaneously, the organism inducing 
the change oociuring plentifully in the air dust of 
vine-growing countries, and speedily infecting any 
sugary liquor freely exposed to the air. When white 
wine is the product desired, all the seeds and husks 
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of the grapes are carefully excluded, because it is 
from these that the colouring matter of red wines 
is extracted by the alcoholic liquid produced by 
fermentation. Tlio seeds and husks also give up 
a small quantity of tannin, which acts favomably 
as a preservative of the red wines, and prevents 
ropiness. Sparkling wines, such as champagne, are 
made by dissolving sugar in a still wine and allowing 
it to undergo secondary fermentation in the bottle. 
Ordinarily, wine consists of a mixture of alcohol 
and water, containing from 7 to 17 per cent, of the 
former, together with smaller quantities of sugar, 
bitartrate of potasli, glycerine, and other bodies, 
including traces oi flavoring matters. If a sugar 
solution contains much moro than 30 per cent, of its 
weight of sugar it cannot bo fermented by yeast. 
A solution of alcohol of 16-17 per cent, strength 
also inhibits the action of yeast, and it follows, 
therefore, that fermented liquor cannot contain more 
than this percentage. Should a wine of greater 
strength bo de.5ired, it can bo obtained only by the 
addition of stronger distilled spirit. Thus tho 
strongest port wine, as produced by tho ordinary 
fennentation, contains not moro than 16 to 17 per 
cent, of alcohol, but it can be “ fortified ” if neceasary 
by the addition of absolute alcohol or rectified spirit 
in the proper proportion. For this purpose it is 
desirable to use the strongest alcohol obtainable, 
as if a weaker, e.y., less than 90 per cent., were used, 
the water necessarily added with it would dilute 
the other ingredients of tho wine to an abnormal 
extent, and modify imfavourably its original 
characteristics. 

Spirits may be divided roughly into two classes, (1) 
pot-still spirits, includingbrandy and whiskey ; and (2) 
gin spirits, made by the suitable treatment of plam 
rectified spirit or alcohol. The manufactme of 
spirits was made possible only by the discovery 
of the process of distillation, and is not, therefore, 
of such antiquity as the wine and beer industries. 
The products differ from fermented liquors from which 
they are produced, mainly in the larger content of 
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alcohol, in the absence of non-volatile matter, and 
in the possession of certain distinct flavouring matters, 
either occurring natnrolly or added purposely. 
Cognac brondy is made by distilling from a pot 
the fermented juice of a small variety of grape, 
the alcohol passing over among the first products 
of the distillation. The spirit contains about 60 per 
cent, of alcohol, and owes its aroma and flavour 
to small quantities of capric (ouiantluc) ester derived 
from the wine. The colour of genuine old brandy 
is duo to colouring matti'r extracted from the wood 
of the ca.sl<s in which jt is stored, its astringent 
flavour being due to tannin from the same source. 
New brandy is coloured to resemble the old by the 
addition of caramel (sugar—generally starch sugar— 
heated to about lilO deg. Cent.), astringcncy being 
sometimes imported by an infusion of tea. 

Whiskey is made from malted hurley, or from 
a mixture of unmalted and malted grain, the mixture 
being dried over a peat fire, from wliich tho wliiskey 
derives its smoky flavoOT. 13y a washing operation 
similar to that practised by brewers, a wort is produced 
which is cooled quickly by refrigerators and fermented 
by pm-ified brewers’ yeast, os completely as possible, 
at a low temperature. Those conditions combine 
to ensure the production of a good liquor free from 
sourness, and with the minimum of wasteful and 
objectionable impimitios such as fusel oil and 
aldehyde. When the fermentation stops, the liquor 
is distilled from a largo copper still—up to 12,000 
gallons—sometimes with the addition of soap to 
prevent undue frothing until all tho alcohol has 
passed over. The distiUato from this operation 
known as “ low wines ” is poor in alcohol and requires 
a second distillation. Tho residue remaining in 
the still contains a small quantity of lactic acid, 
which is often recovered and used as a substitute 
for acetic and tartaric acids in processes where a 
weak acid is required, and where the chemical nature 
of the acid -is not of first importance. The second 
distillate is collected in three fractions called “ fore¬ 
shoots,” “ clean spirits,” and “ feints.” The clean 
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Gpirit ia a strong whiskey containing about 60 per 
cent, of alcohol. It is generally diluted with water 
to about 40 per cent, before being sold to the customer, 
the minimum being fixed by Act of Parliament (1879) 
at 37 per cent, by weight. The fore-shoots are 
highly impure, containing fatty acids and other 
substances, while tho “ feints ” consist cluefly of 
fusel oil, a mixture of higher boiling alcohols, used 
in recent years as a raw material in the production 
of .synthetic rubber, and also as a solvent. Tho 
“spent Iocs” remaining in tho still is a waste for 
which as yet no useful application has been found. 

British brandy and wliiak<'y prepared in a similar 
way from potato starch need to be freed from a rather 
larger perceiitago of fusel oil tlian does barley spirit. 

Rum, which is made by fermenting treacle or 
molasses, and twice distilling the product, owes its 
flavour to formic and butyric esters, and is coloured 
either by agoing in wood, or artificially by moans of 
caramel. 

The plain spirit, i.e., a mixture containing water 
and alcohol only, w’hich is used to make gin and 
liqueurs, is produced by fennonting a mixture of 
malted and immaltod grain, and distilling the resulting 
alcoholic liquor or “ wash ” through a special fraction¬ 
ating apparatus such as the Coffey still. When 
distillation takes place from a pot-still little fraction¬ 
ation occurs, and a large proportion of tho lower 
and liighcr boiling substances pass over with the 
alcohol, necessitating a second distillation; but by 
the use of a contrivance such as the Cofioy stUl, 
which is too complicated for description here, the 
greater proportion of tho impurities can be eliminated 
by one distillation. 

Gin is made by adding some substance, such as 
juniper or liquorice root, to the spirit, and re-dis¬ 
tilling from a pot, when the distillate passing over 
carries with it tho flavoiuing matter extracted 
from the root. Liqueurs are made by dissolving 
large quantities of sugar in tho alcohol with various 
flavouring and colouring materials. 
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Chaptku XVTI. 

TOBACCO, INKS, PENCILS, A-c. 

Tobacco is cultivatod in miiuy oountrios, espocially 
in Virginia and the Sontherii States, in Mexico, 
Cuba, and the West Indies, in Asia Minor and Persia, 
in India, China, and Borneo, and in South Africa, 
and afiords scope for tho botanist, biologist, and 
chemist, both in tlio plantations and in the factories. 
In the days of Cohunbus tho natives of tho West 
Indies smoked the rolled leaf, the Mexicans and 
North American Indians used pipes, and the Aztecs 
and Hispaniolan Indians applied forked tubes to 
the nostrils. Tobacco was introduced into Europe 
by Hermandez do Toledo in 1659, into England by 
sir John Ilawkins in 1565, and its use speedily 
became very general in sj)it e of all forms of opposition. 
Smoking was the butt of the wits, denounced by 
the clergy, and condemned by rulers and popes, 
offenders being subject to severe punishment. In 
Turkey it was a capital offonco, and in the canton 
of Berne was prohibited as an addition to the deca¬ 
logue. In England King James I. issued a “ Counter¬ 
blasts to Tobacco,” in which smoking was described 
as “ a custom loathsomo to the eye, hateful to the 
nose, haimful to tho brains, dangerous to the lungs” 
... as “ resembling the horriblo .smoko of the pit 
that is bottomless; ” but although often tho subject 
of violent diatribes, it remains at the present day 
a most popular luxury among both rich and poor, 
and we may contrast the views of the Stuart King 
with those of Kingsley indicated in “ Westward Ho ! ” 
“ When all things wore made none was made better 
than Tobacco; to be a lone man’s Companion, a 
bachelor’s Friend, a hungry man’s Food, a sad man’s 

I 
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Cordial, a wakeful man’s Sleep, a chilly man’s Fire. 
There’s no herb like it under the canopy of Heaven.” 

Tobacco is rarely prescribed in medicine or 
employed in pharmacy; but it is well known that 
smoking in moderation acta as a sedative, and is often 
beneficial in promoting expectoration in cases of 
asthma. Snuff, which is prepared from the ribs 
and stems of the tobacco leaf, is occasionally recom¬ 
mended to excito tho secretion of mucas from tho 
nasal membrane. Tho absorption of very small 
quantities of nicotine is stimulating to mind and 
body, but in excoss the effect is depressing, narcotic, 
and injurious to tho sight. Much depends upon 
the constitution of the smoker, habituation, and other 
circumstances. But wo have digressed from our 
object. The industry is an important oiio from tho 
financial standpoint. In normal times wo spend 
between four and five million pouiids on imported 
tobacco—more than twico tho expenditure on dyes— 
and the smoker pays very heavily to the Exchequer for 
his luxury. He is protected, however, by tho 
inspection of imported tobacco by tho Government 
laboratory. Many thousand samples are examined 
annually, in accordance with the legislation for¬ 
bidding adultoration or excess of moisture, offenders 
being liable to heavy penalties. Tobacco was formerly 
much adulterated with leaves of rhubarb, cabbage, 
dock and the like, as well as with sugar, starch, 
and gum; but although sweetening matters such 
as sugar, treacle, liquorice, and glycerine are occasion¬ 
ally present in imported tobacco, adulterants are 
now comparatively rarely detected. 

The chemical compovsition of tobacco is highly 
complex, the determinable constituents numbering 
over twenty. The quality of the loaf is attributed 
to the nature of the soil where it is grown, though the 
finished product must remain largely a matter of taste. 
The methods of manufacture depond on the variety 
of tobacco and the purpose for which it is intended; 
and the processes are supervised more and more 
by men of kcienoe who can render useful assistance 
in many ways, such as the prevention of mouldiness 
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and the utilisation of waste. The leaves, when 
harvested, are allowed to wither to a certain extent, 
and then undergo shed-drying or sweating in moderate 
heaps covered with matting. The leaf cells transpire 
carbohydrates, albuminoid matters become con¬ 
verted into amides, and the heat generated effects 
the drying of the leaves, which tiien undergo fermenta¬ 
tion in bundles arranged in large heaps. Tons of 
tobacco are thus allowed to decompose rapidly at 
a temperature usually kept bolow 50 deg. Cent., 
the bundles being turned about so that all are equally 
affected. Suchsland is stated to have prepared 
cultures of the bacteria of the fermentation, and to 
have Iraiisferrod thorn from fino West Indian to 
Gorman tobacco in the course of fermentation, 
with remarkable improvement to the latter. 

The leaf as imported to this country is subjected 
to secondary fermentation after the addition of 
5 to 25 per cent, of water, and is driod or stoved on 
heated open trays, or in closed ovens subjected 
sometimes to injections of steam, different methods 
of treatment affecting the flavour of the product. 
The content of nicotine in the loaf varies from 1 to 
6, th(Mgh it is sometimes os high as 8 per cent.; a 
single cigar often conlains a deadly dose, but it retreats 
from the heat as Iho tobacco burns and accumulates 
in the stomp or butt. By passing a current of steam 
through a mixture of lime and tobacco dust, neutralis¬ 
ing the resulting liquid with sulphuric acid, and adding 
caustic potash, nicotine is liberated and may be 
dissolved in ether, the solution yielding almost 
pure alkaloid, wliich is employed in the manufacture 
of insecticides for horticultural purposes. 

We propose now to deal with a few industries under 
scientific control which employ chemical products, 
and relate to commodities in everyday use. 

Inks .—In early times the thoughts and actions of 
men wore incised on stone, impressed on clay or wax, 
or carved on ivory, metal or wood; but with the 
introduction of papyrus, which we have mentioned in 
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the chapter on cclluloso, cbnractcrs wore formed by the 
application of coloured fluids by means of a brush or 
rood. The word “ ink ” is associated more closely 
with the inoro anciont methods, boing derived from 
the Greek encaustos (burnt in), and from the Latin 
encavslum- (th(^ purple-red ink used by the later 
Roman Emperors). The oldest writing material 
appears to have boon composed of very finely divided 
carbon in a solution of an adhesive substance, which 
held the carbon in suspension and fixed it to the 
papyrus. Ink of this sort has been found on ancient 
Egyptian papyri, and was no doubt also in use in 
China at least as early. Carbon inks are permanent 
and very resi.stant to chemical action, but there is a 
tendency for the pigment to sink in the liquid unless 
it is frequently fitirrod. Printing inks also consist 
mainly of carbon with well-boiled drying oils and soap 
or resinous matter. For ordinarj’ writing purposes, 
however, carbon inks were superseded centuries ago 
by iron-tannin inlvs, prepared from a decoction of 
galls with copperas and gum arabic, formerly home 
made, but now produced in common with many other 
domestic roquhements on an industrial scale. The 
action of the tannin—from tlie decoction of galjs—on 
the copporas produced a precipitate, which, being 
insoluble, formed a deposit, but manufacturers 
avoided theso conditions by excluding air to prevent 
oxidation, and by adding soluble colouring matter. 
Good writing ink should remain sweet and fluid when 
exposed to air, should be permanent to light under 
or^ary atmospheric conditions, and not contain an 
excess of free acid which would injure the pen and 
paper, though tho ink is not always to be blamed for 
these contingencies. In the middle of the eighteenth 
century logwood was added ; in many cosos it replaced 
the tannin entirely, and still forms tho basis of some 
inks. Coloured inks luive also been prepared with 
cochineal and indigo, and with tho introduction of 
coal tar dyes a large variety of easily running inks, 
specially suitable for stylographic and fountain pens, 
have been rendered available, though it should be 
remarked that they are not regarded as so permanent 




TO CHEMICAL SCIENCE 


119 


as the iron-gallotannates. Many typowritor ribbons 
are prepared with coal tar dyes, and are therefore open 
to tMs objection, the ink being fairly easily removed by 
chemical means. Inks highl}^ sensitive to tampering 
Me employed for bankers’ cheques, and the detection 
of forgeries often depends on the effects produced by 
treatment with various chemical reagents. Copying 
inks are concentrated writing solutions, usually con¬ 
taining two or three times the amount of colouring 
and thickening mutter. It is probably no news to 
enginoei‘8 that James Watt invented the copying 
press, the patent for which was granted to him in 1780. 
He employed an ink prepared from a decoction of 
Aleppo galls, green copperas and gum arabic, which 
is much the same as the inks no^\' used for the same 
purpose, except that they contain soluble dyes, 
dextrin or sugar, and in some cases glycerine. Iron 
tannin inlw, when exposed to the air, become oxidised 
and insoluble, so that they cannot bo copied. 

The juices of various plants have long been utilised 
as marking inlcs, such plants including the ink plant 
of Now Granada and Now Zealand, the cashew nut, the 
Indian marking nut and others. Modem marking 
inks, which should withstand the action of soap and 
alkaline and acid liquids, mainly consist of solutions 
of silver nitrate colourcrl with lampblack and thick¬ 
ened with gum. Salts of gold, platinum, manganese, 
and of other metals have been u.sod for the same 
purpose. 

Pencils. —We have already noted the use of the 
brush for applying characters to papyrus. The word 
“ pencil " is derived from the Latin pcnicilluSf a small 
tail. The use of charcoal and similar materials followed 
and, at an early date, metallic lead was employed to 
mark parchment and papers; honco, the term 

blacklead ” as applied to pencils, denoted the 
blacker mark of graphite or plumbago. As a matter 
of fact, the graphite used for making pencils consists 
almost entirely of carbon and contains no lead. 
It has been employed for this purpose since the 
seventeenth century, and for a long time was obtained 
almost exclusively from the Borrowdale mines in 
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Cumberland, being mined in compact grey-black 
masses, cut into thin plates, then into rectangular 
sticks and cased in wood. Tlio mine was guarded 
by an anned force, and, to maintain the monopoly, 
an Act was passed restricting the working to only 
six weeks in tho year; for the remainder it was 
flooded to prevent theft. Tho best quality was 
exhausted early in tho nineteenth century, and the 
pencil manufacturers turned their attention to 
utilising accumulations of waste from cuttings of 
the original masses, which were crushed and mixed 
with other materials. 

One of tho results of such experiments was the 
introduction of varying degrees of hardness in which 
respect tho native graphite was never uniform. 
OonW, of Paris, is credited with the method now 
generally employed, of making pencils from finely 
ground graphite mixed with varying proportions of 
clay, allowing for fourteen degrees of hardness and 
softness ranging from 6 H to G B with HB (hard 
and black), and F (firm) as the middle degrees. 

Graphite has since been found in many parts of 
the world. The crystalline variety occurs in Ceylon, 
but is not sufficiently black for pencil-making; 
the massive, which occurs in Bohemia, Bavaria, 
and Mexico, is much blacker. It is ground very 
fine, mixed with water, and passed through tanks 
to allow tho heavier particles to fall, the finer particles 
passing on to five or six successive tanks, when the 
necessary degree of fineness having been obtained, 
it is mixed with suitable clay which has been washed 
in the same manner. Tho mixture is submitted 
to further grinding, squeezed in bags to remove 
superfluous water and forced through tubes to 
produce strips of the required shapes and sizes, which, 
when dried and baked, are ready for casing in wood. 

The wood mostly used for making pencils is that 
of red cedar, not the cedar of Lebanon, but the 
Juniperus Virginiana which grows in Florida, 
Alabama, and Tennessee, and lends itself well to 
the purpose on account of its soft character and 
straightness of grain. It is usually cut into short thin 
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slats of the length of a pencil, though somotimes of 
several lengths, and sufficiently wide for making 
from two to six pencils. The slats are grooved to 
receive the load and, when glued together, can be 
cut into the corresponding number of pencils, wiiich 
are then smoothed by machinery, polished, stamped 
with the letters indicating tl)e degree of hardness, 
and the makers’ name, tied into bundles, and generally 
prepared for sale. Coloured pencils are made from 
special clay finely ground with colour, such as Prussian 
blue, or vermilion, and mixed with a binding material, 
pressed into sticks which are toughened by boiling 
in a mixture of special fats and waxes before they are 
placed in the slats. For copying-ink and indelible 
pencils, an anilino dye is used, the colour being 
soluble in water in order that impressions may bo 
taken on tissue paper. With the demand for pencils 
steadily increasing and the supply of suitable cedar 
becoming quickly exhausted, manufacturers will bo 
obliged to use other woods, or users must be content 
with mochanical pencils. The industrj^ is restricted 
to comparatively few firms, the majority being of 
long standing. Details of manufacture are largely 
kept secret, but enough has been said to indicate that 
the industry owes much to chemical science, in the 
selection, mixing, and general treatment of materials, 
and to mochanical science in the invention of labour- 
saving machinery for tho processes involved. 

Other domestic requirements, such os blackleod 
(stove polish), and blacking, for leather, are now pro¬ 
duced under scientific control. Blac^ lead for produc¬ 
ing a polished black surface on iron is made from the 
massive graphite. Blacking is made of a variety of 
materials and consists essentially of some black pig¬ 
ment, Buchasanimal charcoal (bone black),incorporated 
with substances capable of taking a polish by friction. 
A mixture of bone black, sperm oil, molasses and 
vinegar forms a typical blacking, while other kinds 
contain starch as ground material with tannate of 
iron as colouring agent, and gum arabic as a binding 
material. 
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Chapter XVIII. 


GASES. 

In the article on coal, we gave a brief description 
of the manufacture and purification of one of its 
principal decomposition products—coal gas. Before 
drawing our work to a conclusion, wo propose to say 
something of other gases, little known to those who 
do not use them, and far .simpler in their constitution 
than coal gas. Discovered by scionco, their manu¬ 
facture is the outcome of scientific investigation, and 
not the more retorting of a complex naturally 
occurring substance. 

The word gas is said to have boon introduced by 
the Flemish chemist. Van Helmont—sixteenth cen¬ 
tury—being associated with the Dutch geest, a spirit 
or ghost, Danish and German, geist, from the same 
root as the Anglo-Saxon gaesUic, ghastly. To th(' 
mediteval mind, the air was a mystery, something 
supernatural: it coidd not be soon or smelled, but 
could be folt and hoaid. Gradually the idea of the 
material nature of the air was developed by the 
schools, but owing to the vague nature of the entity 
concerned and the dillioulty of liandling it, little 
progress was made with experimental investigation 
until the middle of tho seventeenth century. No 
variety was recognised and everything of tho nature 
of air was classed as air, until the advent of methodical 
experiment and logical deduction laid tho foundations 
of this fundamental department of knowledge. 

A gas is physically the simplest form of matter ; the 
laws govern in g its behaviour are less complex than those 
regulating the conduct of solids and liquids. To the 
recognition of this fact and the application of the 
principle of defeating the weakest enemy first, science 
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owes many of its most wonderful advances, such, for 
instance, os wo in the application of tho laws of 
gasos to substances iu dilute solution. The extreme 
fluid elasticity of gases and vapoui’s and their high 
co-ofticient of thermal expansion render them 
invaluable to the engineer. Tho nature of explosion, 
the problems encountorod in aeronautics, in meteoro¬ 
logy, in the study of acoustics, are all closely connected 
with tho properties, both statical and dyuaroical, of 
substances in tho gaseous stato. 

Until the middle of the soventeenth century, the 
philosophers—students of nature—afl’ected to despise 
experiment, their opinions being based on observation. 
Tho alchemists—sookors after tho universal solvent, 
the philosopher’s stone and tho elixir of life—lovers 
as they were of theory and mysticism, extolled the 
experimental method by which they hoped to secure 
wealth ai:id the extension of life. Modem experi¬ 
mental science may bo considered as the outcome of 
one of the coiitrovorsies between two factions of the 
former, combined with the overthrow of the methods 
of the latter. A discussion arose between the plenists, 
or Cartesians, who denied the possibility of a vacuum, 
and the Vacuists,who maintained that there was no 
reason why a vacuum should not exist. Robert 
Boyle, bom in 1620, “ son of the Earl of Cork, and 
the father of modem chemistry,” floui'ished at tho 
time of the plenist controversy, and the problem 
attracted him to physical science, especially the 
study of the properties of air. In 1058 ho constmetod 
the pneumatical machine—air pump—which was 
destined to be of primary importance in many of 
his subsequent experiments. His original aim being 
to obtain a vacuum, he made with its aid some 
significant discoveries. Ho demonstrated air pressure, 
and elucidated the volume pressure relations of gases. 
His law—viz,, that, at a constant temperature, the 
volume of a given quantity of gas varies inversely as 
the pressure—was redisooverod independently a few 
years later by Marriotte, a Frenchman. Boyle’s 
spooulations on the chemical nature of air, founded on 
many observations, including the gain in weight of 
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motals on calcination, contributed to the advance of 
knowledge in his time, but the difficulty of pioneer 
work on an invisible and almost intangible medium 
limited such observations to the phenomena of 
combustion and respiration. In 16G1 appeared, 
anonymously, “ The Sceptical Chemist,” a book which 
craicisod the teaching of the alchemists and depre¬ 
cated their method of expression and the ambiguity 
of their doctrines. As the author of this production 
Boyle did much to sweep away the cobwebs of 
mysticism. He was an early member of the 
“ Invisible College,” a body much al.taokod in its 
infancy for encouraging the investigation of Nature— 
then regarded by many us rank heresy—which 
eventually became our premier learned society, the 
Royal Society of London. His researches wore 
mainly on “ air,” and there is little doubt that he 
prepared tho gases now known as hydrogen, carbon 
dioxide, and hydrogen chloride; but he did not 
observe their characteristic properties. His work, 
however, marked tho beginning of a new era in 
natural philosophy. Ins doctrine showing that scientiCc 
advances were made not by theory or practice alone, 
but by the application of both. 

Tho discoveries and teachings of a genius have not 
infrequently been overshadowed by those of a greater 
and better-known contemporary. This was the case 
with John Mayow, a medical practitioner of Bath, 
who, in his experiments on air and his deductions 
therefrom, was ahead of the workers of his time. He 
recognised the existence of different kinds of gases in 
tho air, and prepared a gas—nitric oxide—by tho 
action of nitric acid on iron. He observed its action 
on air, but failed to soo tho analytical possibilities of 
the discovery. Boyle and Newton held tho field in 
natural philosophy, and Mayow received little 
attention. Stephen Hales (1677-1761) prepared a 
arge number of gases, but regarded them oil as 
modifications of air, and failed to make use of the 
facts he accumulated. When, however, Joseph 
Black (1728-1799) discovered carbon dioxide, and 
Daniel Rutherford (1749-1819) isolated nitrogen, both 
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realised that those gases were distinct in their nature 
from air. 

Then followed the opocli-making discovery of 
oxygen by Joseph Priestley and Carl Wilhelm 
Sclieele, a Swedish cheinist, working independently. 
Priestley also invented the eudionK'ter. Henry 
Cavondisl) (1731-1810) made the first analysis of air, 
devised the electric spark method of combining 
nitrogen and oxygon, thus laying tlio foundation of 
a \’(‘ry modem industry, and d(‘tormiiied the com¬ 
position of nitric acid. Cavoudish proved the 
compound nature of water; dotormined its quanti- 
titative composition, and also examined thoroughl}' 
the fixed air—carbon dioxide—of Iliack. 

All those eighteenth century investigators expressed 
their views on the action of air and combustion in 
terms of the phlogistic theory of Bechor and Stahl, 
and it romainod for Aut.oiiie-Lauront Lavoisier, the 
French savant, who fell a victim to the guillotine in 
1794, to froo them from this incubus and to develop 
the now theory whonun oxygen was assigned its 
proper rdle as a constituent of air and a supporter of 
combustion. 

Thus the composition of air—as a mixture of oxygon 
and nitrogen with small quantities of carbon dioxide 
and water vapour—and the ox])}anatiou of tho nature 
of combustion were gradually established. To these 
early workers, and especially to Priestley, Cavendish, 
and Lavoisier, chemical scionco and industry owe an 
irredeemable debt. Out of chaos they produced 
order, and paved the way for tho work of Avogadro, 
Clark Maxwell, and Clausius. No now essential 
constituents of air were discovered until the last 
decade of tho nineteenth century, when Rayleigh and 
Ramsay, as an outcome of tho mcasuromonts, by the 
former, of tho density of nitrogen from various sources, 
including atmospheric, discovered five new chemically 
inert gases—Argon (without energy), Neon (new). 
Helium (Sun), Krypton (hidden), and Xenon 
(stranger}—no compounds containing these elements 
being as yet known. 

Hydrogen —The discovery of hydrogen is usually 
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attributed to Faraoelsue, a Swiss physician and 
chemist—hfteenth to sixteenth century. Its ex¬ 
plosive properties were known to Lemory about 1700, 
but it was not until seventy or eighty years later 
that Cavendish demonstrated the individuality 
of the gas, and showed its relation to water. It is 
prepared in the laboratory by the action of a metal 
such as zinc or iron on dilute sulphuric acid, this being, 
in fact, the method by which it was first discovered, 
and it is obtained in a much purer state, when neces¬ 
sary, by the electrolysis of barium hydroxide. Traces 
of oxygon are removed by passage over hot copper 
shavings or platinised asbestos, the issuing gas being 
dried by moans of calcium chloride, or of phosphorus 
pentoxide. 

The properties of hydrogen bear no resemblance 
to those of any other element. It is colourless, 
odourless, tasteless, specifically lighter than any other 
known substance, very sparingly soluble in water, and 
capable of forming explosive mixtures with ah’ or 
oxygen, with chlorine and fluorine. It has also 
the property, in the presence of finely-divided 
metallic nickel, of combining vrith certain bodies 
that are chemically unsaturated. Its density is 
less than one-fourteenth that of air, and its lightness 
and buoyancy render it of great value for use in 
airships and balloons. Provided that it is sufficiently 
pure, the two main advantages over coal gas for this 
purpose are superior lifting power and the absence 
of deleterious effect on tho material of the envelope. 

As a constituent of ammonia, hydrogen has in 
recent years been largely used in Germany in a process 
for tho fixation of nitrogen, whoroby the combination 
of the two gases, under high pressure—up to 200 
atmospheres—at a temperature of 600 deg. Cent., 
is effected by tho action of certain catalytic agents, 
such as osmium, uranium, iron, manganese, or 
tungsten. The efficiency of tho catalysts is enhanced 
by certain compormds of the alkali or alkaline earth 
metals ; but catalyst “ poisons ” also exist, and these 
are many and various. The gases must be freed 
from these substances, the most obnoxious of which 
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are compounds o{ sulphur and the hydrides of arsenic 
and phosphorus. The ammonia is separated by 
liquefaction, produced by strong cooling, or, in 
certain cases, by solution in water. This process 
was devised by Haber, is worked by the Badische 
Anilin und Soda Fabrik, and promises to become 
one of the chief methods of producing nitrogen. It 
need not stop at thi.s stage, however, for tlxrough the 
work of Ostwald a mixture of air and ammonia ga.s, 
under proper conditions, with platinum, a.s catalyst, 
yiold.s nitric acid, and tho process may be developed 
by proper regulation to yield ammonium nitrate, a 
substance of high value as a fertiliser. 

Tho third important use of hydrogen is, as we have 
observed in a previous article, in the hardening of 
fate, by direct action in the presence of finely-divided 
metallic nickel. According to tho method of Sabatier 
and Senderons certain fine chemicals are now made by 
the nickel method of hydrogenation, and this also 
is likely to find extended application in industry. 

With those developments it has become necessary 
to find means of producing hydrogen in largo quan¬ 
tities at low cost. Owing to tho expense of raw 
materials, and the difficulty of securing a convenient 
cycle of operations whereby the starting materials 
may be recovered, production by the action of metals 
on acids is not to much extent carried out on the 
works scale, though the method may occasionally 
be used for military purposes. Many patents have 
been taken out for tho manufacture, and we will 
refer to some of the more important of them:— 
(1) By the action of steam on red hot iron, iron 
oxide is formed, and hydrogen is set free. It is 
then purified from dust, sulphur compounds, carbon 
dioxide, &c., by suitable scrubbing treatment. 
Tho iron oxide is reduced when necessary by replacing 
the current of steam by one of water-gets, the residue 
from this reaction being a source of nitrogen— 
Messerschmitt process. (2) By freeing water-gas 
from carbon dioxide, by means of lime or caustic 
soda, and subjecting the residue to the extreme cold 
produced by boiling liquid air, nitrogen and carbon 
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monoxide are liquefied, leaving the hydrogen in the 
gaseous state—Linde-Frank-Caro process. (3) By 
the electrolysis of the chloride or hydroxide of an 
alkali. (4) The docompoKition of acetylene—prepared 
from calcimu carbide and water—by heating 
electrically. Hydrogen is prepared for Zeppelins 
by this method, which yields also a valuable by¬ 
product in the foim of lino lampblack. (5) The gas 
is also produced by a iiumlx-r of otlicr patent methods, 
mainly useful for military pin'iioses. Hydrolith is 
calcium hydride, prepared by tho action of hydrogen 
on calcium in tho olectric furnace, and on contact 
with water yields double tho volume of hydrogen 
originally expended in preparing it. Hydi'ogenite 
is a mixture of five parts of forrosilieon, four parts of 
slaked lime, and twelve parts of caustic soda. When 
heated locally a reaction takes place, and spreads 
throughout tho mass wil.h evolution of hydrogen. 
Both of those processes are due to Jaubert. 

Oxygen, discovered by Priestley and Scheole, and 
named by Lavoisier, occupies about one-fifth of 
the volume of tho atmosphere, and its properties as 
a supporter of life and combustion render it one of 
the most important of the elements. It is also tho 
most abundant, repre-senting about half the weight 
of the solid crust of the earth, and roughly eight- 
ninths of the water. It con bo prepared in the labora¬ 
tory by heating chlorate of potash either alone or 
with manganese dioxide, by tho action of sulphuric 
acid on bichromates or pennanganates, or by the 
electrolysis of dilute sulphuric acid, or of solutions 
of alkalies. On a commercial scale, Brin’s process of 
heating barium monoxide—the analogue of lime— 
in^dry, piu'ifiod air to about 700 deg. Oent. imder 
10 lb. pressure, for long hold tho field. The oxide 
takes up oxygen, forming barium peroxide; tho 
nitrogen is then pumped off, pressure being reduced 
to about 2 lb. Under these conditions tho peroxide 
gives up its excess of oxygen, which in turn is pumped 
off and compressed into cylinders, reforming tho 
monoxide, winch is available again for the same cycle 
of changes. The method, however, has now been 
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largely replaced by the liquid air process, which 
depends for its utility ou the ease with which air can 
be liquefied by tho method of self-intensive cooling 
introduced on tho Continent by Linde and into 
England by Hampaon. Advantage is taken of the 
fact that a compressed gas cools on expansion. Air 
is compressed through a spiral, and allowed to escape 
from ft jot. On issuing it is cooled, and in turn 
cools tho air in the spiral by external contact. Thus 
tho issuing gas becomes increasingly colder, imtil 
finally it issues from tho jet in the liquid form. Liquid 
oxygen and liquid nitrogen boil at different tempera¬ 
tures, 80 that if tho liquid air is fractionated tho two 
gases can be obtained in a fair state of purity. 

Oxygen finds application in medicine, in tho 
chemical laboratory, and in the production of high 
temperatures, such as are obtained by feeding 
acetylene, hydrogen, and coal gas flames with the 
gas. Oxy-acetyleno cutting and welding, oxy- 
hydrogen melting, including platinum working, the 
autogenous soldering of load, and the use of lime¬ 
light, all depend on tho production of an intensely hot 
oxygen-fed flame. 

Ozone is a colourless gas, condensable in liquid air 
to a deep blue unstable liquid. Van Marum, in 1786, 
and Schoiibein, in 1840, observed a peculiar smell 
in the neighbourhood of electrical machines in 
motion, and the latter found that it was due to a 
gas, which he named and found other means of 
producing. Andrews, in 1866, showed that the 
gas contained oxygen only, and Soret, in 1866, proved 
its composition, which is represented by the formula 
0,. It is prepared by the action of a silent electric 
discharge on air or oxygen, a current of which is 
passed through a special apparatus called an ozoniser. 
The first of these was devised by Siemens in 1867, 
and since that date numerous patents, founded 
much on the same principle, have been recorded. 

The commercial preparation resembles that on 
the small scale. The pure substance is not obtained 
in either case; not more than 26 per cent, of the 
oxygen is transformed into ozone under the best 
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conditions. The product is used in the sterilisation 
of water and to a loss extent of certain foods. 

Acelylene was discovered in 1836 by Edmund Davy, 
Professor at the Royal Dublin Society, during an 
attempt to isolate potassium by heating calcined 
tartar with carbon. He obtained a black mass, 
which in contact with water gave rise to an inflam¬ 
mable gas, and ho suggested that if a cheap method 
could be found for prepai'ing it, the gas might well 
be used as an illuminant. Its development as an 
industrial commodity was not realised until over fifty 
years later, but in the meantime several famous 
names came into the literature of the subject, includ¬ 
ing Hare, Borthelot, Wohler, KokuE, Vohl, and Sir 
James Dewar. Haro unknowingly made calcium 
carbide, and from it acetylene, by the action of 
water. Borthelot prepared metallic acetylidos, and 
produced acetylene oloctrically from methane and 
also from carbon and hydrogen. Wolder made 
calcium carbide by heating an alloy of zinc and 
calcium to a high temperature with carbon. Kekuld 
prepared acetylene by the electrolysis of the salts of 
dibasic unsaturated organic acids. Vohl obtained 
the gas by passing oils through red hot tubes, thereby 
laying the foundation of our modem oil-cracking 
processes. From American petroleum he obtained 
a gas containing 20 per cent, of acetylene. Dewar 
obtained acetylene by passing hydrogen through 
tubes made of retort carbon heated to whiteness by 
means of an electric current. 

Acetylene is used, as we have already mentioned, 
in one of the processes for making hydrogen; as 
an illuminant in isolated dwellings, and in motor 
and bicycle lamps. It is invariably prepared by 
the action of water on calcium carbide, which comes 
on the market in the form of g®y lumps, the product 
of heating lime with carbon in the electric furnace. 
The gas owes its position as an industrial product to 
the development of the electric furnace by Siemens, 
Bradbury, Oowles, and Moissan; but the credit 
for the realisation of the possibility of producing 
calcium carbide on a oonpuerpial scale belongs to 
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Willson, an Amoncan. In 1886, Cowles introduced 
a furnaco lining consisting of a mixture of lime and 
carbon, and pi'uducod cal(uiun carbide by the acci¬ 
dental ovoilioating of tliis lining. No attempt was 
then made to utilise the discovery; but, in 1892, 
Willson, while working at Spray, with the object 
of reducing lime to obtani calcium for the reduction 
of aliunina, pi*epared large quantities of tho carbide, 
and, realising tho ijotontialitios of tho substance, sot 
up a works for its production. 

Nitrogen, w'hich forms about four-fifths of the air, 
is produced by tho methods wo have already indi¬ 
cated,* especially tho Linde-Hamjjson process, and 
is used in the syjithotic preparation of ammonia, and 
of cyanamido and cyanides, from calcium and 
barium carbides re 8 poctivol 3 ^ 

Chlorine, disoovorod by Solioolo in 1774, and pro¬ 
nounced an elemont by Davy in 1810, is a heavy 
yellow poisonous gas of an extromoly irritating 
odour, It is largely used in the sterilisation of water 
and ill gold extraction, and has been employed as 
poison gas during tho w'ar. It is prepared by the 
action of mangonoBo dioxide on hydrochloric acid, 
the oxide being recovered by the Weldon process. 
It may bo converted into bleaching powder, through 
its absorption by lime, or liquefied by cold and pres¬ 
sure and stored in steel cylindeis. 

Carbon Dioxide, or carbonic acid gas, a waste 
product of the brewery, is used for aerating beer and 
mineral waters, and is sometimes employed as a 
freezing agent. 

Cai^nyl Chloride, or phosgene, prepared by the 
interaction of chlorine and carbon monoxide in tho 
presence of animal charcoal, or of antimony penta- 
chloride, or by tho a^on of fiuning sulphuric acid 
on carbon tetrachlori® is used in the manufacture 
of dyes, and has also been employed as a poison gas. 

Laughing Gas, or nitrous oxide, is made by heating 
ammonium nitrate. It was discovered by Priestley 
in 1772, and is used as an ana3sthetic in dentistry. 


Kofer to Agriculture end Hydrogen. 


K 
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We do not need to dilate on the relation between 
aoienco and these products which are so obviously 
ficientific in their conception, elucidation and deve¬ 
lopment 
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Chaptkb XIX. 

GOVERNMENT CHEMISTRY. 

In the article dealing with Agrioulture and Food, 
we liave referred to the official agricultural analysts 
and public analysts, who are appointed under statutes 
to safeguard the quality of supplies of fertilisers and 
feeding stuffs, food and drugs ; and we will now refer 
to other official chemists directly or indirectly 
concerned with industry. 

In 1843 a laboratory was established at Somerset 
House, in cotmeotion with the Inland Revenue 
Department, to check adulteration of tobacco, and 
later a second laboratory was established at the 
Custom House for the examination of wines, spirits, 
and other imported articles liable to duty. In 1894 
the control of these laboratories was entrusted to 
one Principal, and in 1897 the Excise Branch was 
transferred to a new building at Clement's Inn-passage. 
In 1911 the Government Laboratory was constituted 
an independent department under the Treasury, with 
a separate Parliamentary Vote, entitled “Government 
Chemist,” The Laboratory undertakes investiga¬ 
tions for every other Government Department, the 
greatel' part being carried out at Clement's Inn- 
passage, and in the branch laboratory at the Custom 
House. The Government Chemist also controls 
eighteen stations in different parts of the United 
Kingdom, where tests ue made for revenue purposes. 
From a recent report, ^ gather that the work for the 
Department of Customs and Excise relates, mainly, 
to the assessment of duty and drawback, and to regula¬ 
tions and Ucences, in connection with the manufacture 
and sale of dutiable articles, such as beer, spirits, 
wine, tobacco, tea, sugar, coffee, cocoa, and prepara¬ 
tions advertised for the cure or reUef of human 

x 2 
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ailments—commonly called “ patent modicines.” 
The work ior the Admiralty includes the examination 
of food substances, the analysis of metals and of 
contract stores ; that for tho Board of Agriculture 
and Fisheries refers largely to imported dairy produce 
and margarine, and includes—for the Fisheries 
Division—samples of river water believed to have 
been polluted and to have caused injury to fish, as 
well as the determination of the salinities of samples 
of sea water for the Permanent International Oouneil 
for Exploration of the Sea. Samples of beer and 
whiskey are examined for the Oentral Control Board 
(Liquor Traffic); and of drugs, pharmaceuticals 
and contract supplies for the Clown Agents for the 
Colonies. Fire-clay and limestone from various 
districts are examined for the Goological Survey ; 
lead glazes and enamels for the Home-office; drugs 
for the India-office, and stamps and inks tor tho 
Board of Inland Revenue. Inve-stigations on pre¬ 
servatives in food are carried out for the Local 
Government Board; and on paper, pigments, gum, 
engineering and general stores for the Post-office ; 
ink and typewriter ribbons for the Stationery-office; 
lighthouse stores for the Corporation of Trinity 
House ; lime and lemon juice and sliip’s stores for the 
Board of Trade; food supplies for the Army, drugs 
and surgical dressings, for tho Army Medical Depart¬ 
ment, for the War-office; samples of varied cliaracter 
lor the War Trade Department; samples of water for 
the Office of Woods and Forests; of contractors’ 
supplies and of water for the Offices of Works— 
Ixmdon and Dublin j and samples referred by the 
magistrates under the Sale of Food and Drugs Acts, 
1876 and 1899, and submitted by the Board of 
Agriculture, under the Fertilisers and Feeding Stuffs 
Act. The total number of sinples examined during 
the year ended March 31st, 1916, was 383,892, The 
work has obviously an important bearing on industry 
and commerce, and entails the employment of a 
large technical stafi, of which many members are 
required to be highly trained and competent chenusts. 
As illustrating the value of their work, we may refer 
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to the examination of food for the armies in the field 
dwing the war, work essential in the interests both 
of the health of the troops and of tho Exchequer. 
The food must bo wholesome ; but the findings of tho 
chemists will deU^rmino the cash value of the supplies; 
a deviation of, say, 1 or 2 per cent, of moisture in 
flour, biscuits or margarine, may involve a reduction 
of hundreds of pounds on a single contract. 

Although tho Government Laboratory constantly 
advises other deparl,meets, some possess their own 
laboratories for special purposes. The Admiralty has 
a staff under the Admiralty Chomist, and employs 
chemists in connection with tho examination of 
various matorials of construction and victualling 
stores. The Admiralty has also its duly appointed 
Adviser on Petroloum, as well as officers possessing 
special scientific experience, and professors of 
chemistry in the Royal Naval Co'liogos. The War- 
office, too, makes good use of chemists, in many 
matters arising out of tho conditions of modem war¬ 
fare, and instruction in chemistry is given »m the 
Royal Ordnance College, tho Royal Army Medical 
Coilogo, the Royal Military Academy, and other 
establishments. Under the Ministry of Munitions, 
in addition to chemists engaged in an advisory capa¬ 
city, there are considerablo numbers in charge of tho 
production of explosives in Government and con¬ 
trolled factories, and special staffs are appointed 
for research and inspection work. 

Official analysts are appointed to the Home-office 
for toxicological work, as well as in connection with 
the Explosives Department and the Factory Deport¬ 
ment. The Local Government Board possesses a 
Department for tho inspection of food and a staff of 
specially qualified inspectors to assist in the adminis¬ 
tration of the Alkali, &c., Works Regulation Act. 
The Metropolitan Water Board and the Rivers Boards 
in various parts of the country have their chemical 
and bacteriological laboratories, and so have the 
Sewage Boards and Works. The Scottish Office also 
appoints inspectors under the Alkali Act and Rivers 
Pollution Prevention Act, 
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The London County Council controls a consider¬ 
able staff for chemical investigations, including gas 
testing, and tho Board of Trade appoints the Gas 
Referees, in accordance with the Metropolis Gas 
Acts, to prescribe the apparatus and materials 
to be employed for testing the illuminating power, 
calorific power, purity and pressure of the gas, 
the mode of testing, and, in certain cases, the times 
of testing, the cuiTent prescriptions being published 
in the “ Notification of Gas Referees.” Other county 
and borough authorities make provision for the inspec¬ 
tion of water and gas supplies. Chemists are also 
included in tho staff of the Patent-office, and Assayers 
render responsible service in the Royal Mint and 
at the Asray Offices, as well as for tho Bank of 
England. 

The Scientific and Technical Department of the 
Imperial Institute conducts investigations for the 
Indian and Colonial Governments, chiefly relating to 
the composition and utilisation of raw materials. 
The National Physical Laboratory includes a Depart¬ 
ment of Metallui'gy and Metallurgical Chemistry. 
Laboratories are attached to many public Institu¬ 
tions, such as the Davy-Faraday Research Laboratory 
of the Royal Institution, and those of the Lister 
Institute and the Royal Dublin Society. 

The existence of this extent of official organisation 
in chemistry is little known to the general public, 
but it is obviously indispensable to the well-being • 
of the community. The personnel of our chemical 
service includes many men of science of high repute 
in their professions who deserve well of their country, 
and it is essential that the conditions attaching to 
this service should bo such that it will continue to 
attract chemists of the highest competence. We have 
endeavoured to make this list fairly comprehensive, 
but have not referred to India and the Overseas 
Dominions, where many chemists hold appointments 
analogous to those we have indicated; nor have we 
referred to the valuable work carried out by analysts 
in hospitals and public health laboratories, or the 
appointments held in the Universities and Technical 
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Colleges, to which we look for the continued supply 
of lieuteneints to meet our requirements in the various 
branches of chemical practice. 
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CONCLUSION. 

While wc hav« confined oiir attontion mainly to 
tho dcbiR of industry to chemical scifiico, ivo do not 
suggest that those due to jihysical and mechanical 
science should not be similarly iicknowledged. 

The art of engineering has been steadily built up 
through the ages, but modern developments are, 
in the main, directly attributable to tho advance 
of science. In chemical industries, hoiveior, the 
processes of manufacture, in many oases, preceded 
the discovery of the scientific principles on which they 
were based. Tho ironmaster, the dyer, the soap 
and candle maker, tho tanner, the potter, and the 
glass manufacturer, wore in existence centuries 
before serious attention was paid to the science under¬ 
lying their work. Conventions die hard, and for 
a long time there was little enthusiasm to take advan¬ 
tage of what science had to offer. It is freely admitted 
that tho state of civilisation attained before the advent 
of modern science was far removed from the conditions 
of life of primitive man; but it is claimed that 
while science was so little developed, industry had 
to look to experience as the only basis to work upon. 
Experience, accumulated slowly and at great cost, 
had done great things; but tho rate of progress 
in industry developed in tho past century defies 
comparison with all tho centuries combined since 
time was—so far as wo know I Still, lot us admit that 
the inheritance was groat, and that even the alchemist 
preserved much that was good in ohomistiy, just 
as the monks of the Middle Ages preserved much 
that was good in classical literature and architecture. 
Wo have endeavoured to indicate the interdependence 
of science and industry on one another, and to show 
how frequently science—“ tho nursling of interest 
and the daughter of curiosity”—pursued for her 
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own sake, has sooner or later proved her practical 
utility. Incidentally wo have shown that though 
“ Genius is of no country,” British men of science, 
often in the face of small encouragement, have played 
their part in industrial development. There is 
no reason to depreciate the value of their work, or to 
pay much attention to the Jeremiahs who seem to 
delight in bemoaning the industrial and commercial 
position of this country but are seldom ablo to offer 
any constructive criticism. 

Advancement may be the outcome of the labours of 
the consultant, the chemist on the works, the official 
chemist, or the professor; all have contributed their 
share to discovery and invention. In any case, it is 
certain that our industries have utilised their know¬ 
ledge, skill and experience to a greater extent than 
has been generally recognised; otherwise much that 
lias been done in the la.st three years would have been 
impo 8 .sibl 0 , and our position would have been far worse 
than it is. 

We feel that the apathy towards science prevailing 
before the war was more imaginary than real and, 
such as it was, is being overcome ; that the general 
public is beginning to realise something of the 
importance of science in the affairs of everyday life, 
and that the time is at hand when the services of 
the man of science will be better understood and 
consequently more substantially rewarded. The 
men of science themselves are increasing in number 
and influence ; their work lies more and more in the 
control of large scale operations, as well as in the 
laboratory. The time has passed when men feared 
to probe into the truth as if it were saorilege, or to 
imagine things beyond certain knowledge and estab¬ 
lish^ fact, or to explore into realms of not only the 
improbable but the seemingly impossible, whence so 
much, with the aid of science, has been and is yet to 
bo derived. 

To-day, the arts and sciences go hand in hand; 
the engineer and the chemist, each recognising the 
limits of his own domain, though the line dividing them 
may often be difficult to define, co-operate with one 
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another and mutually assist in the solution of indus¬ 
trial problems. Now is the time for leaders of indus¬ 
try to see to it that the opportunity is taken of making 
good, wherever possible, the connecting link between 
science and practice. A thorough overhauling of 
n ethods and plant should keep our consulting 
chemists and engineers well employed in preparation 
for the future. There is no lack of good men, and 
soon there will be enough and to spare for permanent 
appointments on the works. 

If in these articles we have been successful in 
indicating some of the triumphs of science in industry, 
and if our efforts have in any way conduced to a better 
realisation of the value of scientific thought and 
method, we may rest satisfied that our labour has not 
been in vain. 
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